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FOREWORD 


This  bulletin  has  an  interest  far  beyond  the  small  area  it  describes,  or 
the  people  who  are  financially  interested  in  its  oil  deposits.  “Firsts”  are 
commonplace  in  Pennsylvania.  She  is  32d  among-  the  States  of  the  Union 
in  size  but  first  in  a hundred  ways.  Only  ninth  among-  the  States  in  her 
coal  deposits,  until  about  1920  she  had  produced  more  coal  than  all  the 
other  States  combined.  Today  she  is  eleventh  in  the  production  of  oil,  but 
for  years  she  was  the  only  State  producing  oil  commercially  and  she  led  in 
the  imoductioii  of  oil  for  35  years,  taking  second  place  in  1895.  Her  total 
output  of  oil  in  80  years  exceeded  by  only  four  States,  all  comparatively 
newcomers  in  the  industi-y. 

Today  Pennsylvania  would  hardly  be  more  than  a memory  in  the  oil 
industry  were  it  not  for  secondary  methods  in  oil  recovery,  in  which  she 
has  led,  just  as  she  did  in  the  original  recovery  of  oil.  A year  or  more  ago 
it  occurred  to-  the  oil-scouts  of  some  of  the  large  producers  of  the  Southwest, 
where,  oil  occurs  at  great  deplhs,  that  Pennsylvania,  West  Virginia,  and 
Ohio,  -whose  wells  are  shallow,  might  also  contain  large  quantities  of  oil 
at  great  depths.  Accordingly,  they  began  a trek  to  the  east  by  the  score, 
ready  to  drill  to  10,000  feet  or  more.  Instead  they  discovered  that  oil  does 
not  occur  deeper  than  3,000  feet  in  Pennsylvania.  This  comparatively  shallow 
dejitli  is  in  accord  with  David  White’s  oil-coal  formula  when  allowance  is 
made  for  increasing  fixed  carbon  in  coal  with  depth.  The  Pennsylvania 
industry  would  tell  these  oil-scouts,  as  the  tombstone  x^ut  it,  “As  you  are 
now,  so  once  was  I ; as  I am  now,  so  you  will  be,”  in  this  instance  not 
dead,  but  kejjt  alive  only  by  comx)lete  knowledge  and  the  highest  skill. 

Today,  as  80  years  ago,  the  oil  men  of  Pennsylvania  are  ahead  of  the  x>ack 
in  devising  new  ways  of  meeting  new  conditions.  When  the  oil  sands  were 
first  drilled  into,  the  oil  flowed  into  wells  because  of  the  gas  dissolved  in 
the  oil  or  trajjx^ed  above  the  oil  in  the  sand.  As  the  oil  was  withdrawn  the 
gas  escaped  too,  but  faster  than  the  oil.  Eventually,  the  oil  would  no 
longer  flow  into  the  w-ells  because  gas  x^ressure  was  gone.  Large  quantities 
of  oil  remained  in  the  rock,  in  some  instances  six  or  seven  times  as  much 
as  had  been  withdrawn.  How  to  recover  that  oil  short  of  mining  the  rock 
and  distilling  the  oil  has  been  the  x^i’^blem  of  the  Pennsylvania  industry. 
The  use  of  water  under  high  ])ressure  through  intake  w'ells  has  long  been 
practiced  in  the  Bradford  field.  This  method  has  not  been  successful  in 
other  fields  in  Pennsylvania,  (hough  it  may  be  in  some  fields  not  yet  tested. 

In  the  area  discussed  in  this  bulletin  air  and  gas  have  been  used  with 
success  in  x^ace  of  w-ater.  But  many  x^roblems  are  encountered.  The  oil 
sands  are  not  uniform  in  x^ermeability.  Air  and  gas  under  x^i'essure  jiass 
readily  through  the  more  xiermeable  layers  and  by-x^ass  the  denser  layers, 
where  most  of  the  oil  still  remains.  How  to  induce  the  oil  to  leave  the 
denser  layers  is  a tu-st  x>roblem,  but  only  one. 

Unlike  most  of  the  oil  dex^osits  of  the  Southwest,  those  of  Pennsylvania 
are  only  slightly  related  to  structure.  As  develojied  in  this  x^ax^er,  relations 
to  old  shore  lines,  to  thickness  of  beds,  and  other  conditions  existing  when 
the  oil-ljearing  sandstones  w-ere  laid  down  may  X^lay  a much  more  imx^ortant 
role  than  structure. 
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A 1hird  problem  is  to  forecast  tlie  quantity  of  oil  in  a pool  that  has 
already  had  its  daj'.  Secondai-y  methods  of  recovery  are  ex2:)ensive.  It  is 
most  desirable  to  know  in  advance  that  there  is  enough  oil  in  a given  jiool 
in  a given  sand  to  warrant  (lie  high  cost  of  its  recoverj'.  Tliese  are  some 
of  the  matters  dealt  with  in  this  report.  Furthermore,  it  deals  with  the 
oldest  oil  field  in  the  world,  and,  therefore,  one  which,  because  of  the  large 
amount  of  information  available,  is  of  pec\diar  interest.  It  is  believed  that 
the  matters  discussed  in  this  bulletin  and  the  solutions  offered  will  be  of 
interest  to  oil  men  everywliere. 


Geo.  II.  Ashley 
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OIL  GEOLOGY  OF  THE  TITUSVILLE 
QUADRANGLE,  PENNSYLVANIA 

By  Parke  A.  Dickey 


INTRODUCTION 
Location  and  Culture 

The  Titusville  quadrangle  is  in  northwestern  Pennsylvania  and 
occupies  parts  of  Warren,  Crawford,  Venango,  and  Forest  (Jounties. 
It  covers  about  220  square  miles,  of  which  about  67  scpiare  miles  are 
producing  oil  fields. 

The  city  of  Titusville  iu  the  southeast  corner  of  Crawford  County 
is  near  the  middle  of  the  quadrangle.  It  has  a population  of  about 
?,000  persons.  The  principal  industries  are  oil  refining,  and  the 
manufacture  of  heaving  forgings  and  internal  combustion  engines. 
The  city  is  served  by  the  Pennsylvania  and  New  York  Central 
railroads. 

Pleasantville,  near  the  northeast  corner  of  Venango  County,  has  a 
population  of  about  600  persons,  most  of  whom  are  dependent  on  the 
production  of  oil  for  a livelihood.  Hydetown  and  Grand  \ alley  are 
smaller  boroughs  dependent  on  agriculture  and  oil  productjon. 

The  western  half  of  the  quadrangle  exhibits  a gently  rolling 
topography,  and  is  occupied  by  many  prosperous  farms,  principally 
devoted  to  dairy  cattle.  The  eastern  part  of  the  quadrangle  is  largely 
woodland.  Most  of  it  has  been  repeatedly  cut  over  and  there  is  no 
large  timber.  When  the  first  settlers  came  in  the  early  part  of  the 
19th  century  there  were  splendid  stands  of  pine;  huge  rotting  stumps 
and  logs  may  still  be  seen  in  the  woods.  At  present  hemlock  is  fairly 
abundant,  and  oak,  ash,  and  maple  sustain  several  sawmills  in  the 
district.  The  most  important  industry  is  crude  oil  production. 

Purpose  and  Method  of  Investigation 

The  mapping  of  this  quadrangle  is  part  of  a program  of  detailed 
investigation  of  the  old  Middle  Venango  oil  fields.  The  Tidioute  and 
Hilliards  quadrangles  have  already  been  mapped  and  preliminary 
reports  published.  Field  work  on  the  Franklin  and  Oil  City  quad- 
rangles has  been  completed  and  a report  on  the  Franklin  quadrangle 
is  in  preparation.  A comprehensive  report  on  the  entire  district  is 
being  prepared. 

The  Middle  Venango  fields  are  the  birthplace  of  the  modern 
petroleum  industry.  Production  has  been  small  since  flush  produc- 
tion ceased  and  interest  shifted  to  newer  and  more  prolific  pools. 
Much  of  the  original  oil  still  remains  in  the  sands,  however,  and  the 
development  of  secondary  methods  of  oil  recovery  has  revived  interest 
in  the  district  and  the  hope  that  it  will  be  possible  to  recover  a large 
amount  of  the  remaining  oil.  A thorough  knowledge  of  the  geology 
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of  the  field  is  a prerequisite  to  intelligent  application  of  secondary 
recovery  methods,  an  appraisal  of  the  potentialities,  and  to  the  in- 
telligent search  for  new  pools. 

It  was  decided  early  in  the  program  that  the  reconnaissance  type 
of  geological  study  such  as  had  been  made  for  the  oil  fields  of  south- 
western Pennsylvania  would  not  give  a sufficiently  complete  and  clear 
picture  of  the  subsurface  geology  to  serve  the  purposes  of  the  study. 
It  was,  therefore,  decided  to  accumulate  all  available  information. 
It  has  not  been  possible  to  collect  and  record  everything  still  available, 
but  this  .study,  like  the  reports  on  the  Tidioute  (1)  and  Ililliards  (2) 
quadrangles,  and  the  Bradford  Oil  Field  (3),  is  based  on  many  more 
field  data  than  usual  in  studies  of  this  type. 

Almost  every  available  well  record  was  collected,  a total  of  about 
7,680  in  the  quadrangle.  Of  these,  3,370  were  located  on  a map  with 
a scale  of  four  inches  to  the  mile,  and  their  elevation  deteimiined. 
About  tliree-quarters  of  the  well  elevations  were  determined  with 
aneroid  barometer  (Paulin  altimeter),  but  a large  number  were  deter- 
mined by  plane-table  traverses.  It  was  intended  that  the  maximum 
vertical  error  should  not  exceed  5 feet,  but  some  few  wells  may  be  as 
much  as  10  feet  in  error.  Of  these  records  about  400  have  been 
selected  as  reliable  and  representative  and  are  included  in  this  report. 
(Table  6.) 

The  work  was  done  between  July  1938  and  October  1940,  by 
Parke  A.  Dickey,  assisted  during  much  of  this  time  by  E.  H.  Ashton, 
W.  S.  Eytle,  and  J.  II.  DeLong,  Jr.,  whose  conscientious  and  intelli- 
gent work  forms  the  basis  of  the  report. 
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W.  T.  and  J.  A.  Lytle  PleasantviJle,  Pa. 
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Warner-Caldwell  Oil  Co Titu.sville,  Pa. 
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AV.  E.  Pertig  Titusville,  Pa. 
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synipatliy  in  tlie  work,  and  to  point  out  that  many  of  the  ideas  heie 
expressed  are  theirs.  Other  members  of  tlie  (teologieal  Survey  ha^e 
assisted  in  the  work,  especially  Drs.  R.  E.  Sherrill  and  C . R.  b ettke, 
and  L.  S.  Matteson.  The  writer’s  particular  thanks  are  due  to 
Dr.  R.  W.  Stone  for  his  critical  reading  of  the  manuscript  and  many 
helpful  suggestions.  iMrs.  Janet  W.  Dickey  prepared  the  samples  for 
heavy  mineral  analysis. 

GEOGRAPHY 

Relief 

The  Titusville  quadrangle  lies  within  the  geographic  division  known 
as  Allegheny  High  Plateaus  of  the  Appalachian  Plateaus  Province. 

iMany  of  the  hills  are  rather  flat-topped  and  mark  what  was  clearly 
an  old  erosion  surface  which  has  been  uplifted  and  dissected.  This 
surface  rises  from  about  1,(300  feet  in  the  southern  part  of  the  quad- 
rangle to  1,700  feet  in  the  northern  part.  The  valley  of  Oil  Creek 
rises  from  1,050  feet  on  the  south  boundary  of  the  (piadraugle  to 
1,230  on  the  west  boundary. 

Drainage 

The  quadrangle  is  in  the  Allegheny  River  drainage  basin,  the  river 
lying  a few  miles  outside  of  and  parallel  to  the  southern  and  eastern 
margins  of  the  quadrangle.  The  greater  part  of  the  area  is  drained 
by  Oil  Creek  and  its  tributaries.  The  southeast  quarter  of  the  quad- 
rangle is  drained  by  Pithole  Creek  and  Stewart  Run,  which  empty 
directly  into  the  Allegheny  River. 

Glaciation 

The  quadrangle  lies  near  the  southern  limits  of  two  of  the  eiicTOach- 
ments  of  the  North  American  ice  sheet. 

lllinoian  moraine.  No  characteristic  moraine  of  the  llliuoian  stage 
has  been  recognized  within  the  quadrangle.  Several  gravel  banks  on 
high  divides  can  hardly  be  accounted  for  by  the  AVisconsin  ice, 
notably  one  south  of  Jerusalem  Comers,  and  they  are  believed  to  be 
remnants  of  the  lllinoian  glaciation. 

Mlscomsin  moraine.  The  terminal  moraine  of  the  AVisconsin  ice 
sheet  crosses  the  northwest  corner  of  the  (piadraugle,  passing  .I’ust 
northwest  of  Alaple  Grove  School,  Cloverdale  Corners,  (Jilson  Ridge 
School,  and  Ilydetown.  No  attempt  was  made  to  study  it  or  trace  it 
exactly,  but  it  is  clearly  evident  in  the  topography  and  is  well  shown 
on  the  topographic  map. 

Previous  to  the  advance  of  the  AA'isconsin  ice  sheet  the  drainage  of 
this  part  of  northwestern  Pennsylvania  was  northwesterly  towards 
what  is  now  Lake  Erie  (J,  5).  Oil  Creek  flowed  north  instead  of 
south  as  at  present,  and  its  headwaters  probably  were  near  Titusville. 
Caldwell  Creek  probably  also  flowed  north.  During  the  maximum 
advance  of  the  ice  sheet  tongues  of  ice  may  have  occupied  the  old 
preglacial  valley  of  Oil  Creek  and  Pine  Creek  as  far  south  as  Titus- 
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ville.  The  ice  deepened  the  valleys  and  probably  also  straightened 
and  otherwise  modified  them. 

While  the  ice  sheet  occupied  the  area  to  the  north,  it  was  impossible 
for  the  water  to  flow  out  in  that  direction.  Furthermore,  the  melting 
of  vast  quantities  of  ice  at  the  southern  edge  of  the  glacier  provided 
abnormally  large  quantities  of  water  to  be  disposed  of.  The  upper 
A-alleys  of  the  north-flowing  streams  were  thus  dammed  up,  and  be- 
came short-lived  lakes.  The  waters  had  to  seek  exit  over  the  crests 
of  the  divides  to  the  south.  The  large  amoiTuts  of  water  quickly  cut 
deep  gorges.  The  valley  of  Oil  Creek  below  Titusville  is  au  excellent 
example  of  such  a gorge.  The  old  divide  probably  was  near  Bough- 
ton,  and  from  there  to  Oil  City  the  water  followed  and  greatly 
deepened  the  channel  of  an  old  water  course.  The  small  side  streams 
probably  at  first  were  unable  to  deepen  their  channels  as  fast  as  the 
main  bed  was  deepened,  and  were  left  hanging,  spilling  their  waters 
down  over  waterfalls.  Since  the  retreat  of  the  ice,  most  of  them  have 
cut  back  and  smoothed  out  the  waterfalls,  but  one  stream  on  rhe  Avest 
side  of  Oil  Creek  one  mile  above  Miller  Farm  is  still  a hanging  valley 
Avith  AA'aterfalls  OA-er  hard  sandstone  ledges. 

Evidence  of  the  lake  that  occupied  Oil  Creek  Valley  can  be  seen  in 
the  terraced  gravel  banks  on  the  hillsides  south  and  east  of  East 
Titusville,  and  the  large  gravel  banks  on  the  main  road  one  mile  south 
of  Titu.sville.  The  valleys  of  Oil  Creek,  noidh  of  Titusville,  and  of 
CaldAvell  Creek,  AA’ere  filled  Avifh  debris,  principally  gravel,  sand,  and 
clay.  On  Watson  Flats,  east  of  TitusAulle,  the  rock  floor  lies  about 
100  feet  below  the  present  Ami  ley  surface,  the  original  Amlley  being 
filled  to  that  height  Avith  soft  clay  and  gravel. 


STRATIGRAPHY 
Exposed  Rocks 

A study  of  the  outcropping  rocks  in  nortliAvestern  PennsylA'ania 
AAms  made  in  1935  and  1936  by  8.  IT.  Catheart,  and  his  observations 
in  the  Titusville  quadrangle  have  been  amplified  by  the  author.  IIoav- 
CA'er,  the  nomenclature  and  relations  of  the  exposed  rocks  of  the 
Titusville  quadrangle  cannot  be  entirely  clarified  until  the  mapping 
of  other  parts  of  the  district  is  complete.  No  map  shoAving  surface 
structure  is  therefore  included  AAuth  this  advance  report,  but  Avill 
be  included  in  the  final  report  on  the  area. 

Pennsylvanian  System 

Poffsville  series.  A lieaAw  sandstone,  occasionally  pebbly,  caps  a 
fcAv  of  the  higher  hills  in  the  eastern  part  of  the  quadrangle.  Good 
exposures  of  it  are  rare,  and  it  is  usually  .seen  as  large,  loose  blocks 
and  rock  cities.  The  exact  position  of  its  base  is,  therefore,  impossible 
to  determine,  but  it  appears  to  be  from  250  to  300  feet  above  the  base 
of  the  Corry  sandstone.  It  is  not  certain  AA'hether  this  sandstone  is 
the  equiA'alent  of  the  Olean  conglomerate  AAdiich  is  aatII  dcAmloped  to 
the  northeast,  or  the  Connoquene.ssing  sandstone,  AA’hich  is  AA’ell  de- 
Amloped  to  the  soutliAAmst.  Tt  is  not  ahvays  Avell  deATloped  and  recog- 
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nizable.  At  Pleasantville  and  east  of  Pithole  a thin  coal  seam  is 
present  about  400  feet  above  the  Corry  sandstone. 

It  was  pointed  out  by  Butts  (25)  and  has  since  been  substantiated 
by  other  work  in  the  district,  that  the  Pottsville  rocks  lie  unconform- 
ably  on  the  older  beds,  which  were  very  gently  tilted  to  the  south. 
The  Pottsville  series  rests  on  older  and  older  beds  towards  the  north 

and  east. 
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Chenango  group.  A series  of  sandstones  and  shales  with  some  cal- 
careous sandstone  and  sandy  shale  occupies  about  120  feet  of  section 
below  the  Pottsville.  In  the  upper  part  there  is  a rather  persistent 
sandstone  bed,  30  to  40  feet  thick,  whose  top  is  about  240  feet  above  the 
Corry  sandstone.  It  is  not  well  exposed,  but  was  noted  in  two  of 
the  sampled  wells.  At  the  base  of  the  series  is  a widespread  and 
frequently  exposed  bed  of  sandstone  about  30  feet  thick,  whose  base 
lies  from  130  to  150  feet  above  the  Corry  sandstone.  It  is  generally 
a coarse  (piartz  sandstone,  and  is  noticeably  pebbly  in  the  northwest 
corner  of  the  (luadrangle.  It  usually  contains  numerous  ferruginous 
concretions  and  cavities.  Well  cuttings  show  that  it  is  usually  under- 
lain, either  immediately  or  10  feet  below  its  base,  by  a fine  calcareous 
sandstone  bed.  This  sandstone  has  generally  been  considered  to  be 
the  Shenango  sandstone  by  pi’evious  workers  in  the  district  (1,  7) 
although  it  has  not  been  definitely  traced  to  the  Shenango  in  its  type 
area. 

Cuyahoga  group.  From  130  to  150  feet  above  the  Corry  are  dark 
gray  shales,  gray  sandy  shales,  some  reddish-brown  shales,  and  fine 
sandstones  comprising  the  Meadville,  Sharpsville  and  Orangeville 
formations.  The  sandstones  are  frequently  calcareous,  but  do  not 
seem  to  occupy  any  constant  position,  and  it  was  not  found  possible 
to  divide  the  group  into  the  subdivisions  proposed  by  I.  C.  AVhite 
for  the  Meadville  district  (6). 

Corry  sandstone.  The  Corry  saiuhstone  is  the  most  persistent  of 
the  sandstones  of  this  district,  and  is  the  only  one  suitable  for  use 
as  a key  horizon.  It  is  a fine,  rather  massive,  but  occasionally  platy 
sandstone,  pure  white  or  yellowish  white  on  a fresh  surface,  and  char- 
acteristically weathers  pasty  or  chalky  white.  It  is  harder  and  more 
compact  than  the  other  sandstones. 

Within  the  Titusville  quadrangle  the  Corry  generally  consists  of 
three  members.  The  upper  sandstone  member  is  usually  the  more 
massive,  and  is  from  8 to  15  feet  thick.  The  middle  member  is  shale 
with  thin  sandy  shale  and  platy  sandstone  beds,  and  ranges  from 
5 to  10  feet  in  thickness.  The  lower  member  is  fine,  hard,  platy 
sandstone,  10  to  15  feet  thick.  Certain  beds  are  richly  fossiliferous 
and  frequently  calcareous.  The  fauna  has  been  described  by  Kenneth 
E.  Caster  (7,  p.  123).  The  Corry  sand.stone  is  generally  believed  to 
be  the  equivalent  of  the  upper  part  of  the  Berea  formation  of  northern 
Ohio. 

Cusseivago  formation.  The  Cussewago  formation  is  well  exposed 
along  Oil  Creek  AMlley.  It  consists  of  80  to  100  feet  of  alternatin*>- 
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beds  of  very  fine,  light  gray,  flaggy  sandstone,  and  dark  gray  shale 
and  sandy  shale.  A faint  reddish  color  is  occasionally  noted  in  the 
shales.  The  sandstones  are  frequently  fossiliferous  and  some  contain 
abundant  crinoid  fragments.  Some  beds  are  quite  calcareous. 

The  Cussewago  is  probably  the  equivalent  of  the  Knapp  formation 
of  the  Bradford  area,  as  pointed  out  by  Caster  and  others.  Caster 
lias  subdivided  the  Cussewago  and  named  the  various  members  from 
localities  near  Kane,  Bradford,  Tidioute,  and  Meadville.  It  is  very 
doubtful  Avhether  such  a general  subdivision  is  either  wise  of  appro- 
priate, for  the  formation  changes  character  from  a coarse  con- 
glomeratic series  near  Bradford  to  an  extremely  fine,  silty  sandstone 
and  shale  series  in  Crawford  County.  It  is  not  possible  to  correlate 
the  individual  sandstone  beds  from  drill  cuttings  throughout  the 
Titusville  quadrangle.  However,  electric  logs  of  several  wells  show 
that  there  are  three  prominent  sandstone  beds  which  are  widespread 
ill  the  southern  part  of  the  quadrangle.  Their  tops  lie  40,  55,  and  75 
feet  below  the  base  of  the  Corry  standstone. 

A calcareous  bed  is  sometimes,  but  not  always,  noticed  about  100  to 
120  feet  below  the  base  of  the  Corry.  In  the  Dennis  Run  section 
it  is  abundantly  fossiliferous,  and  is  called  the  Marvin  Creek  zone  by 
Caster.  At  Riceville  a limestone  bed  50  feet  below  the  Corry  was 
called  Marvin  Creek  by  Caster  (7,  p.  95).  However,  it  was  relocated 
by  the  author  in  the  new  road  cuts  25  feet  below  the  Corry  and  it  is 
doubtful  if  it  is  equivalent  to  the  Marvin  Creek.  The  fact  that  fos- 
siliferous and  calcareous  beds  are  common  throughout  the  Cmssewago 
formation  makes  the  identification  and  naming  of  any  one  of  them 
hazardous.  Dennis  Run  is  near  Tidioute,  Marvine  Creek  near  Smeth- 
port,  and  Riceville  is  in  Bloomfield  Township,  Crawford  County. 


Subsurface  Rocks 

Strata  below  the  Cussewago  formation  are  not  exposed  in  the  quad- 
rangle, but  have  been  penetrated  by  more  than  ten  thousand  oil  wells. 
As  a rule  the  records  kept  by  the  drillers  are  incomplete,  but  drill 
cuttings  were  obtained  from  five  wells  in  the  quadrangle,  and  electric 
logs  have  been  secured  for  several  districts,  so  that  complete  and 
accurate  information  on  the  subsurface  formations  is  available  clown 
to  the  base  of  the  Venango  oil  sand  group. 


Devonian  System 

Uiceville  shale.  Shales  with  occasional  thin  silty  sandstone  beds, 
90  to  100  feet  thick,  extend  from  80  to  170  feet  below  the  Corry  sand- 
stone. These  shales  are  characteristically  reddish,  especially  in  their 
lower  part,  and  are  generally  noticed  but  not  recorded  by  the  drillers. 
The  reddish  color  is  noticeable  even  in  weathered  outcrops  near 
Tidioute. 

Examinations  of  the  outcrops,  drill  cuttings,  and  electric  logs  indi- 
cate that  this  formation  is  a stratigraphic  unit,  distinguishable  from 
the  sandy  Cussewago  above  and  First  Sand  formation  below.  It 
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corresponds  exactly  in  thickness  and  position  with  the  Riceville  shale 
as  defined  by  I.  C.  White  fti,  p.  97),  althoiigh  it  is  not  included  in 
his  Riceville  section. 

TABLE  1 


Average  position  and  thicliness  of  siiaUoic  oil  sands  in  Tit usville  Quadrangle 
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Caster’s  suggestion  that  this  member  be  called  the  Oswayo  shale 
(7,  p.  95)  seems  unfortunate.  The  Oswayo  of  the  Bradford  district 
is  distinguished  from  the  \inderlying  Cattaraugus  principally  on  the 
basis  of  its  greenish  and  gray  color,  and  both  Oswayo  and  Cattaraugus 
are  names  of  facies.  The  Riceville  shale  is  very  probably  the  e(piiva- 
lent  of  the  upper  part  of  the  Oswayo  of  the  type  region,  but  much' 
more  detailed  work  must  be  done  before  the  Oswayo-Cattaraugns 
contact  can  be  identified  in  the  Titusville  district.  Bright  red  strata 
are  often  associated  Avith  the  Second  Sand  formation  in  the  Venango 
field,  and  these  rocks  are  undoubtedly  erpiivalent  to  some  part  of  the 
Cattaraugus. 

There  is  no  evidence  in  the  Titusville  quadrangle  for  a diseon- 
forniity  at  the  top  of  the  Riceville  shale,  but  Caster’s  suggestion  that 
it  marks  the  top  of  the  Devonian  system  seems  rimsonable,  and  is 
accepted  for  this  discussion. 
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VENANGO  OIL  SAND  SERIES 

Below  tlie  Kiceville  shale  is  a group  totalling  330  feet  in  thickness 
in  which  are  located  the  oil-producing  sands  of  the  Titusville  quad- 
rangle. The  name  Venango  Group  of  oil  sands  was  first  applied 
definitely  to  the  group  by  Ashburner  (8,  p 12).  It  was  subsequently 
used  by  Carll  (9)  and  AYhite  (6).  Carll  in  1875  had  recognized 
the  three  sandy  members  of  the  group  (10).  The  three  sandy  mem- 
bers have  been  correlated  with  sandstones  named  from  their  places 
of  outcrop.  The  First  Sand  probably  is  equivalent  to  the  AA'^oodcock 
sandstone  of  Crawford  County;  the  Second  Sand  to  the  Salamanca 
sandstone  of  the  Bradford  district;  and  the  Third  Sand  is  probably 
the  Panama  conglomerate  (7,  11,  12).  It  is  preferred,  however,  for 
this  discussion  to  use  the  older  and  somewhat  inelegant  drillers’  terms. 
First  Sand  formation.  Second  Sand  formation,  and  Third  Sand 
formation. 

A detailed  subsurface  study  such  as  forms  the  basis  of  this  report 
is  founded  on  thousands  of  observations  of  the  geological  horizons, 
and  a far  more  complete  picture  of  the  stratigraphy  may  be  obtained 
than  is  possible  by  a study  of  outcrops.  Detailed  descriptions  of  the 
various  sands  in  the  different  parts  of  the  quadrangle  will  be  found 
in  the  discussions  of  the  oil  geology  in  a subsequent  portion  of  this 
paper. 

The  reader  is  referred  to  Section  I which  is  based  on  electric  logs 
and  the  examination  of  drill  cuttings  and  cores.  It  was  impossible 
to  secure  electric  logs  of  the  same  wells  that  were  completely  sampled, 
but  the  exact  position  of  the  stratigraphic  units  is  shown  by  the 
electric  logs,  and  their  character  may  be  determined  by  examination 
of  samples  from  near-by  wells.  The  logs  shoAvn  are  self-potenial 
or  spontaneous  polarization  curves,  showing  high  negative  electric 
potential  to  the  left.  The  electric  potential  is  caused  principally  by 
the  water  in  the  drill  hole  filtering  into  the  sands,  and  maxima,  tliere- 
fore,  indicate  sandy  beds ; the  height  of  the  maxima  being  some  indi- 
cation of  their  permeability.  Resistivity  logs,  whose  maxima  depend 
principally  on  the  fluid  content  of  the  strata,  are  not  shown. 

The  five  principal  sandy  members  of  the  Venango  series  are  shown 
by  maps  II  to  A^l.  These  have  been  compiled  from  all  the  well  records 
in  the  quadrangle.  The  base  maps,  in  black,  show  the  location  of  the 
producing  oil  fields,  and  for  two  of  the  sands,  the  elevation  of  the 
lop  of  the  sand  above  sea  level.  AVells  whose  position  and  elevation 
were  determined,  and  whose  logs  record  the  sand  as  present,  are  shown 
by  black  dots. 

The  colored  stippling  shows  the  approximate  thickness  of  the  sand 
as  given  in  the  well  records.  AABiere  wells  are  not  present,  the  sand 
thickness  has  been  projected,  and  other  interpretations  are  of  course 
possible.  As  a rule,  in  districts  where  there  are  no  wells,  it  is  assumed 
that  none  of  the  sands  are  present. 

It  is  very  doubtful  if  there  is  a farm  in  the  quadrangle,  (except 
in  the  northwest  portion)  that  does  not  have  at  least  one  abandoned 
well  on  it.  The  very  existence  of  many  of  these  wells  has  been  for- 
gotten, and  in  very  few  cases  have  the  records  been  preserved.  The 
location  of  many  of  these  abandoned  holes  was  attempted,  but  in  few 
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cases  were  records  or  authentic  information  available  concernin<>'  their 
results.  The  value  of  this  study  would  have  been  g'reatly  increased 
if  many  of  these  wells  had  been  located,  but  it  was  decided  that  it 
would  be  impossibly  difficult  to  get  information  sufficiently  complete 
to  be  of  value.  It  must  therefore  be  assumed  that  wells  may,  and 
probably  have  been  drilled  in  most  of  the  blank  areas  on  the  map. 
A well  that  now  would  be  considered  a good  pumper  might  have  been 
abandoned  as  non-commercial  during  the  last  century,  so  that  the 
presence  of  abandoned  wells  does  not  entirely  condemn  an  area.  ( )n 
the  other  hand,  the  most  profitable  leases  at  present  are  those  that 
were  richly  productive  when  first  drilled. 

It  is  doubtful  if  any  important  pools  remain  to  be  discovered  in  the 
Titusville  Quadrangle.  It  is  iiossible  that  small  and  isolated  bodies 
of  sand  may  be  discovered,  especially  in  the  First  Sand  formation. 

The  sand  thickness  maps  indicate  the  “trends”  of  rich  sand  more 
clearly  and  accurately  than  production  maps.  The  existence  of  these 
trends  was  noted  by  the  early  drillers,  and  has  formed  the  basis  of 
most  prospecting.  In  some  places  there  are  suggestions  that  the 
actual  thick  zone  changed  its  bearing  or  was  offset,  while  the  wells 
were  extended  in  the  direction  in  which  the  trend  was  thought  to  lie. 
It  is  siiggested  that  the  thickness  maps  published  in  this  report  will 
be  useful  in  indicating  the  best  areas  for  development,  especially  if 
they  are  .supplemented  by  large-scale  and  detailed  thickness  maps 
compiled  by  the  operator  for  the  leases  in  (piestion. 

First  Sand  formation.  What  is  generally  called  by  the  drillers 
the  First  Sand  formation  is  a sandy  zone  80  to  85  feet  in  thickness, 
consisting  of  beds  of  shale,  sandy  shale,  and  sandstone.  The  latter 
are  usually  fine,  but  in  some  places  are  coarse  and  even  pebbly.  When 
they  are  sufficiently  porous,  they  contain  oil  and  gas.  These  porous 
beds  or  “pay”  sands  are  as  a rule  of  small  area  and  highly  irregular. 
They  may  occur  anywhere  from  the  top  to  the  bottom  of  the  “forma- 
tion”, but  appear  to  be  more  extensive  and  frequent  near  the  bottom. 

Occasionally  the  drillers  record  correctly  the  top  and  bottom  of  the 
First  Band  formation,  but  as  a rule  the  top  of  the  first  “pay”  sand 
encountered  is  called  the  top,  and  the  bottom  of  the  lowest  pay,  the 
bottom,  even  though  there  may  be  beds  of  shale  and  sandy  shale 
between.  In  consequence  the  well  records  are  exceedingly  confusing, 
and  adjacent  wells  often  show  widely  varying  sand  thicknesses.  AYhen 
no  pay  beds  are  encountered,  the  sand  may  or  may  not  be  recorded. 
During  the  early  development  of  the  field,  the  First  sand  was  gen- 
erally considered  to  contain  “slush  oil”  and  to  be  worthless.  Just 
wlmt  was  meant  by  “slush  oil”  is  not  entirely  clear,  but  apparently 
it  was  oil  that  made  a good  show  while  drilling,  but  failed  to  continue 
producing.  Alost  of  the  First  sand  is  relatively  im]')ermeable  and 
at  a shallow  deiffh,  which  explains  why  no  very  large  wells  were 
encountered  in  it.  ()n  Goodwill  Hill  a very  prolific  field  has  been 
developed,  in  some  parts  of  which  the  First  sand  was  not  even 
recorded  as  present  in  the  logs  of  the  original  Third  Stray  sand  wells. 

Because  of  the  variable  nature  of  the  First  sand,  it  is  impossible 
to  draw  either  structure  or  thickness  maps  for  it.  The  First  Sand 
map  .shows  the  position  of  the  wells  located  by  this  Survey  that  record 
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First  Sand  as  present.  The  areas  where  the  First  sand  is  considered 
productive  are  enclosed  by  lines  fringed  on  the  side  toward  the 
production. 

Since  it  was  not  possible  to  correlate  individual  sand  beds  in  the 
Fir.st  Sand  formation,  it  is  impossible  to  present  a clear  and  accurate 
picture  of  the  shape  and  character  of  the  sand  body,  as  is  done  for 
the  lower  sands.  The  general  picture  is  about  as  follows : 

Northwest  of  a line  striking  N 32°  E and  passing  through  the 
northwest  corner  of  the  borough  of  Titusville,  the  First  sand  is  present, 
but  often  contains  large  quantities  of  water.  This  water  appears 
usually  to  be  fresh,  and  its  presence  may  be  due  to  the  outcropping 
of  the  sand  beneath  the  glacial  valleys.  The  sand  is  rather  fine,  but 
in  some  of  the  wells  seems  to  have  good  porosity  and  permeability. 
Southeast  of  the  line  the  sand  is  present,  but  porous  only  in  certain 
beds  in  certain  localities.  These  localities  are  highly  irregular  in  size 
and  shape,  and  it  is  difficult  to  make  generalizations  concerning  them. 

In  the  northeast  third  of  the  quadrangle  a series  of  porous  sand 
bodies  trends  southea.st  from  a point  in  the  center  of  the  noi’thern 
edge  of  the  quadrangle.  The  northwestern  bodies  are  smaller,  but 
are  coarse  and  frequently  quite  pebbly.  Farther  southeast,  in  the 
Goodwill  Hill  pool,  the  bodies  are  finer,  but  of  larger  areal  extent. 
Still  farther  southeast,  they  are  still  finer  and  again  of  small  area. 

A similar  situation  exists  in  the  Pleasantville  district.  Northwest 
of  Pleasantville  the  sands  occupy  a rather  narrow  belt,  but  are  quite 
coarse  and  the  pay  beds  are  thick.  South  of  Pleasantville  the  sand 
bodies  are  of  larger  areal  extent  but  finer.  Near  the  southeast  corner 
of  the  quadrangle,  the  sand  bodies  are  small,  though  rather  rich  in 
places. 

Starting  at  the  Hamilton  Corners  district,  which  lies  off  the  west 
edge  of  the  quadrangle  near  Prather  School,  the  sand  is  coarse  and 
rich.  To  the  southeast  there  are  small  scattered  pools  for  a distance 
and  then  a rather  large  pool  near  the  southwest  corner  of  the  sheet. 

^aegerstown  shale.  Below  the  First  Sand  are  about  50  feet  of  dark 
gray  shale  with  rare,  thin  beds  of  sandy  shale  and  a few  thin  beds 
of  fine  silty  sandstone  and  limey  sandstone.  The  name  Saegerstown 
isns  proposed  by  G.  H.  Chadwick  in  1925  (11,  p.  457). 

Second  Sand  formation.  The  Second  Sand  formation  has  a total 
{hickness  of  45  to  70  feet.  Where  completely  developed,  as  south  of 
Pleasantville,  it  consists  of  an  upper  sandstone,  the  Red  Valley  sand, 
20-25  feet  thick,  25  feet  of  shale,  and  a lower  sandstone,  the  Second 
sand,  20  to  30  feet  thick.  These  sancistones  were  called  the  Second  A 
and  B sands  by  Carll  in  1875.  They  have  been  called  the  Bimber 
Run  conglomerate  and  the  Pope  Hollow  conglomerate  by  Caster  (7, 
pages  86  and  87),  although  his  discussion  of  their  distribution  is  mis- 
leading. They  are  not  as  well  exposed  in  Bimber  Run  as  they  are 
in  other  places  in  the  vicinity,  and  their  thickness  apparently  does 
not  exceed  30  feet  an^nvhere. 

The  Red  Valley  sand  has  a sharp  northwestern  margin  which  is  an 
almost  perfectly  straight  line  bearing  N 43°  E and  pa.ssing  through 
the  southeast  corner  of  the  borough  of  Pleasantville.  Northwest  of 
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♦^liis  line  the  sand  is  very  seldcni  noted  in  veil  logs,  and  more  than  a 
mile  nortluvest  of  it,  it  is  represented  only  by  very  thin  and  fine  sandy 
beds  which  are  distinguishable  from  the  Saegerstown  shale  above  only 
by  electric  logs.  To  the  southeast  the  sand  rapidly  ac(iuires  a thick- 
ness of  15  to  23  feet,  very  seldom  being  over  25  feet  in  tlmckness. 
The  sand  is  generally  fine,  but  contains  pebbly  beds  in  places, 
especially  at  or  near  the  base.  The  productive  oil  pools  are  all  in  a 
belt  two  miles  wide  whose  northwest  edge  lies  near  the  edge  of  the 
sand.  Southeast  of  the  thick  belt  the  sand  becomes  thinner,  finer, 
and  quite  shaly.  Near  the  southeastern  corner  of  the  (luadrangle 
there  are  beds  of  green  and  reddish  shale. 

The  shale  member  is  dark  gray  and  has  a rather  constant  thickness 
of  25  feet.  The  top  of  the  Second  sand  lies  from  15  to  55  feet  below 
the  top  of  the  Red  Valley  sand. 

The  Second  sand  .shows  a strikingly  similar  picture.  Its  north- 
western edge  is  a nearly  straight  line  striking  X 10  E and  passing 
2 miles  northwest  of  the  borough  of  Pleasantville.  Its  edge  is,  there- 
fore, almost  exactly  parallel  to  the  edge  of  the  Red  Valley  sand,  but 
21,1)  miles  farther  northwest.  The  sand  thickens  rapidly  southeast- 
ward to  about  25  feet,  and  south  of  Pleasantville  forms  a very  uni- 
form sand  body,  20  to  30  feet  thick  and  1 miles  wide.  The  .sand  is 
for  the  most  part  fine,  but  frequently  contains  pebbly  beds,  especially 
at  the  top.  All  the  productive  pools  are  within  this  belt.  North  of 
Pleasantville  the  sand  is  usnall\  thin  and  hard  and  not  very  produc- 
tive. N'orthwest  of  the  thick  belt,  the  sand  is  only  a thin,  fine  “shell”. 

Toward  fhe  soufheast,  the  Second  Sand  formation  begins  to  assume 
the  asiiect  of  a true  red-bed  series.  The  shales,  and  to  a certain  extent 
the  sands,  become  light  red  or  bright  green.  The  sands  are  present, 
but  thinner  and  finer,  and  although  they  usually  contain  oil,  they  are 
seldom  commercially  productive. 

Amity  shale.  From  55  to  (15  feet  below  the  Second  Sand  forma- 
tion, the  section  consists  almost  entirely  of  shale,  usually  dark  gray 
but  occasionally  with  reddish  beds.  This  member  was  named  the 
Amity  shale  by  Chadwick  in  1925  (11.  p.  455-461-). 

Third  Sand  formation.  The  Third  Sand  formation  is  75  to  100 
feet  thick,  and  consists  of  beds  of  sandstone  with  intervening  beds  of 
shale.  The  upper  20  to  25  feet  of  the  Third  Sand  formation  consists 
of  beds  of  fine  to  medium-grained  sandstone,  seldom  exceeding  5 feet 
i]]  thickness,  and  beds  of  sandy  shale  and  shale.  These  sandy  beds 
are  rarely  reported  in  Avell  records,  since  they  seldom  or  never  contain 
appreciable  amounts  of  oil.  Electric  logs  have  shown  that  they  con- 
tain water  in  certain  localities.  It  is  possible  that  they  are  the  equiva- 
lent of  the  Roulder  and  Shira  sands  of  the  Ililliards  quadrangle  (2). 

The  top  of  the  Third  Stray  sand  lies  about  20  feet  below  the  top 
of  the  Third  sand  formation  (490  feet  below  the  top  of  the  Corry 
sand-stone).  It  is  widespread  over  the  quadrangle,  and  subsurface 
structure  contours  have  been  drawn  on  the  top  of  this  bed.  It  ranges 
in  thickness  from  2 feet  to  60  or  70  feet. 

The  Third  Stray  sand  is  thin  or  absent  northwest  of  a line  striking 
X 51°  E and  passing  through  the  northwest  corner  of  the  city  of 
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Titusville.  Southeast  of  the  line  it  is  present,  hnt  is  not  at  all  uni- 
formly developed.  Its  thickest  development  is  south  of  the  borough 
of  Grand  Valley,  where  it  consists  of  a series  of  parallel  “streaks” 
or  bars.  These  bars  are  1,000  to  2,000  feet  wide  and  strike  from 
N 50°  E to  N 65°  E.  The  maximum  thickness  decreases  from  60  feet 
near  Grand  A^alley  to  20  feet  on  Goodwill  Hill,  increasing  again  to 
40  feet  at  Colorado.  Between  the  bars,  the  sand  is  about  half  the 
maximum  thickness  and  is  shaly.  Pebbles  are  common  only  in  the 
thickest  northwesternmost  bars.  The  bars  in  the  quadrangle  range 
from  1 to  5 miles  in  length,  but  the  southernmost  or  Colorado  bar 
extends  eastward  to  Tidioute  as  a long,  narrow,  and  very  thick  pebbly 
bar  with  an  over-all  length  of  nearly  10  miles. 

The  sand  is  present,  but  thin  and  shaly  at  Dotyville,  and  also  north 
of  Titusville,  where  it  has  a maximum  thickness  of  25  feet.  It  is  also 
present  at  Breedtown,  where  it  does  not  exceed  15  feet  in  thickness. 

Over  a belt  3 to  4 miles  wide  passing  southeast  of  Titusville  the 
sand  is  missing,  but  reappears  at  Pleasantville,  from  which  point  it 
extends  northeastward  to  Pagundus  (on  the  Tidioute  quadrangle) 
and  southwestward  to  Petroleum  Center.  It  has  here  lost  its  streaked 
character,  and  consists  of  a uniform  sheet  of  sand,  usually  coarse 
and  often  pebbly,  from  5 to  15  feet  in  thickness.  Southeasterly  from 
Pleasantville  the  sand  contains  a good  deal  of  shale  and  sandy  shale, 
except  that  at  Pithole  and  Cashnp  it  increases  to  15  feet  in  thickness 
and  is  coarse,  pebbly,  and  very  porous. 

The  top  of  the  Third  sand  lies  35  to  45  feet  below  the  top  of  the 
Third  Stray  sand.  AVhere  the  latter  is  abnormally  thick,  as  at  Grand 
ATilley  and  Triumph  (in  the  Tidioute  quadrangle),  it  has  apparently 
cut  its  base  downward  through  the  intervening  shales  and  sandy 
shales,  into  and  perhaps  even  below  the  Third  sand. 

Like  the  Third  Stray,  the  Third  sand  is  eharaeteristieally  streaked. 
Its  western  edge  is  a line  passing  through  the  western  part  of  the  city 
of  Titusville  and  striking  N 15°  E.  AA^est  of  this  line  the  sand  is 
present,  bnt  thin,  shaly,  and  unproductive  of  oil.  The  edge  of  the 
sand  is  smooth,  but  not  straight,  containing  several  offsets.  East  of 
this  edge,  the  sand  thickens  rapidly  to  50  or  60  feet,  where  it  con- 
tains pebbly  beds  throughout  its  entire  thickness.  It  also  contains, 
hoAvever,  beds  of  fine  sandstone  and  even  shale.  Eastward  from  the 
thick  zone,  the  sand  becomes  thinner  and  finer.  The  pebbles  dis- 
appear, and  shale  beds  occupy  more  of  the  section. 

In  the  southwestern  part  of  the  quadrangle  at  Petroleum  Center 
and  Pioneer,  the  sand  is  present  in  curved  streaks  and  lobes,  like  the 
fingers  of  a hand.  This  body  resembles  the  curving  bars  with  inter- 
vening swamps  of  the  Presque  Isle  peninsula  at  Erie.  Northeastward 
along  the  same  trend,  the  8ham])urg  pool  is  streaked  in  its  southern 
paid,  but  is  intersected  at  right  angles  in  the  central  part  by  an  im- 
pervious belt  a feAV  hundred  feet  wide,  north  of  which  the  sand  iis 
thinner  and  contains  no  pebbles.  Prom  the  Shamburg  pool  north- 
eastward, the  sand  is  present,  but  thin,  fine,  hard,  and  in  patches. 

Prom  Petroleum  Center  through  Pioneer,  Shamburg,  and  Pleasant- 
ville to  Grand  A^alley,  the  sand  exhibits  a trend  which  is  roughly 
parallel  to  the  westernmost  Oetave-Titusville-Church  Run  body.  Be- 
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I, ween  these  trends,  the  sand  is  thin  and  shaly,  except  for  a cnrions 
lump  of  nearly  pure  pebble  sand,  60  feet  thick,  at  Dotyville.  Another 
curious  thick  spot  is  at  Miller  Farm,  but  here  the  sand  is  blue  and 
shaly.  Cores  are  not  available. 

Origin  of  ihe  Venango  Oil  Sand  Group.  Speculation  concerning 
the  origin  and  mode  of  deposition  of  the  Venango  Oil  Sand  group 
will  be  Avithheld  until  the  final  report  on  the  area,  when  general  sand 
maps  of  the  entire  district  can  be  presented.  Certain  facts  have, 
however,  become  clear  from  the  work  to  date. 

The  sands  show  all  the  characteristics  of  near-shore  deposition. 
The  sand  and  shale  beds  are  as  a rule  thinly  interbedded,  and  cores 
from  the  sands  have  freciuent  highly  irregular  shaly  partings  sug- 
gesting ripple  marks.  Cross  bedding  has  been  noted  in  a few  dia- 
mond cores  from  the  area.  Clay  balls  are  very  common  and  suggest 
wave  action.  Pebbles  are  common  and  are  set  in  either  a sandy  or  a 
shaly  matrix. 

The  general  geology  of  western  Pennsylvania  indicates  that  the 
sea  must  have  lain  to  the  northwest  and  the  land  to  the  southeast. 
The  upper  Devonian  strata  change  their  character  from  thick  sands 
and  redbeds,  obviously  laid  down  in  a continental  environment  in 
central  Pennsylvania,  to  rather  thin  shales  and  limestones,  laid  down 
some  distance  from  the  shore  of  a shallow  sea,  in  Ohio. 

It  seems  likeh^  that  the  Venango  oil  sands  were  laid  down  near 
the  shore  line.  The  three  members  show  three  ditt'erent  types  of 
deposition.  The  First  Sand  type  consists  of  irregular  sandy  zones, 
which  trend  roughly  in  a northwest-southeast  direction,  and  which 
tend  to  be  coarser  near  the  nortlnvest  ends.  The  Second  Sand  type 
consists  of  uniform  belts  of  sand  trending  northeast  and  southwest, 
with  a .smooth  northwestern  edge,  grading  into  shales  and  redbeds 
toward  the  southeast.  The  Third  Sand  type  consists  of  thick,  narrow 
bars  and  streaks,  often  very  pebbly,  and  either  single  or  multiple. 
They  are  more  irregular  than  the  Second  Sand  belts,  but  thicker  and 
more  consistent  than  the  First  Sand  bodies. 

CIIEilUNG  GROUP 

The  nomenclature  of  the  Upper  Devonian  of  western  Pennsylvania 
and  southern  New  York  is  in  a rather  confused  state.  The  limits 
of  the  Chemung  group  have  been  repeatedly  shifted  (3,  p.  145).  The 
beds  for  approximately  1.000  feet  below  the  Venango  group  belong  to 
the  Chemung  in  its  older  usage,  and  to  the  Conneaut  and  Canadaway 
groups  of  more  recent  usage  ( 13 ) . 

In  the  Titusville  (piadrangle  about  fifty  wells  were  found  that 
penetrated  deeper  than  the  Third  sand,  and  it  is  believed  that  about 
that  many  more  may  have  been  drilled  and  all  records  of  them  lost. 
Reliable  records  could  be  secured  for  only  about  twenty  of  them. 
However,  partial  sets  of  drill  cuttings  from  two  wells  Avere  examined. 

The  dark  gray  shales  characteristic  of  the  Venango  grouji  continue 
for  100  to  150  feet  beloAv  the  base  of  the  Third  sand.  At  this  depth 
a series  of  alternating  red  shale,  greenish  gray  shale,  and  fine  silty 
sandstone  begins,  Avhich  is  known  as  the  “Red  Rock.”  Sands  bed's 
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are  occasionally  reported  as  occurring  in  this  series,  sometimes  Avith 
a shoAV  of  oil,  but  they  are  noAvhere  commercially  productive. 

The  lied  Rock  continues  440  to  475  feet  below  the  base  of  the  Third 
sand  (about  980  feet  below  the  top  of  the  Corry)  Avhere  the  rock 
contains  more  sand  and  is  noticeably  harder  to  drill.  To  the  east, 
in  the  Tidioute  quadrangle,  production  of  oil  and  gas  is  obtained  from 
sands  in  this  zone.  The  principal  horizons  are  the  First  AVarren  sand, 
tlie  Second  AVarren  sand,  the  Queen  sand,  the  Clarendon  sand,  and 
the  Speechley  sand.  In  the  Titusville  quadrangle  none  of  these  sands 
is.  productive  of  either  oil  or  gas.  The  drill  cuttings  show  them  to  be 
exceedingly  fine  silty  sand.stones  and  sandy  shales.  The  drillers’  logs 
are  not  at  all  consistent  about  the  position  of  the  sands,  but  there 
seems  to  be  a definite  sandy  zone  starting  at  about  (120  feet  below  the 
base  of  the  Third  sand,  which  is  the  Queen,  and  another  about  900 
feet  below  the  Third  sand,  the  Speechley.  A^ery  small  shows  of  gas 
have  been  reported  from  these  zones,  but  considering  the  number  of 
wells  that  have  been  drilled  and  the  tendency  for  the  sands  to  become 
fine  and  .shaly  toAvards  the  nortliAvest,  it  is  considered  unlikely  that 
commercial  productimi  of  either  oil  or  gas  can  he  obtained  from  them. 

Four  Avells  have  been  drilled  deeper  than  the  Speechley  sand,  but 
did  not  encounter  ])roductive  sands.  S{)  far  as  is  knoAvn,  the  AA^atson 
deep  Avell,  drilled  in  the  early  1870s  to  3,558  feet,  is  the  deepest  Avell 
in  the  quadrangle.  No  record  Avas  preserved  of  this  Avell,  to  the 
understandable  grief  of  the  early  geologists  (9,  p.  154). 

Deeper  atrata.  Since  there  are  no  A^ery  deep  Avells  in  the  quad- 
rangle, this  suiwey  has  contributed  nothing  to  the  understanding  of 
4he  rocks  beloAA"  the  Chemung  formation.  Those  interested  in  deeper 
sands  are  referred  to  general  Avorks  on  the  deep  sands  of  nortliAvestern 
Pennsylvania  (14,  15,  10). 


STRUCTURE 

Regional 

The  Titusville  quadrangle  lies  in  the  nortliAvestern  part  of  the  Pitts- 
burgh-Iluntington  synclinorium,  a broad,  slialloAV,  spoon-shaped  fold, 
Avhose  lowest  ])art  lies  in  AA'est  A^irginia.  AA'ell-defined  anticlines  and 
synclines  are  found  on  the  southeastern  side  of  this  synclinorium, 
but  on  the  nortliAvestern  side  there  are  only  Ioav  and  rather  irregular 
deviations  from  a general  southerly  and  southeasterly  dip. 

Looal 

►Structure  contours  haA’e  been  draAvn  on  the  top  of  the  Red  A'alley 
sand  and  on  the  top  of  the  Third  Stray  sand.  The  latter  is  the  more 
Avidespread,  and  Avhere  it  Avas  missing  the  proper  inteiwal  (35  to  45 
feet)  AA'as  added  to  the  elevations  of  the  Third  sand,  so  that  only  a 
small  area  in  the  nortliAvestern  part  of  the  quadrangle  is  not  included 
i'l  the  structure  map. 

In  general,  the  sand  di])s  nearly  due  south,  from  an  elevation  of 
1,040  feet  at  the  northern  edge  of  the  quadrangle  to  about  63(1  feet 
at  the  southern  edge,  an  aA'erage  fall  of  23  feet  per  mile. 
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The  principal  structural  feature  within  the  quadraugie  is  a syucliue 
trending  in  a northeasterly  direction.  It  enters  the  quadrangle  from 
the  south  near  Kaneville,  and  as  far  as  Miller  Farm  it  is  not  well- 
defined.  From  Miller  Farm  it  pa.sses  between  Pleasantville  and  Enter- 
prise, leaving  the  quadrangle  about  a mile  north  of  Pineville. 

Southeast  of  this  syncline  the  sand  rises  to  an  anticlinal  axis  which 
is  Avell-defined  from  Neiltown  to  Tyrell  Farm  School,  but  becomes 
less  definite  toward  the  south.  This  is  the  continuation  of  the 
Fagundus  anticline  of  the  Titlionte  quadrangle  (1,  p.  4). 

Both  anticline  and  syncline  plunge  to  the  southwest,  and  there  is 
no  structural  closure  at  the  Third  Stray  sand  horizon. 

Faults  of  small  displacement  probably  occur  at  numerous  places  in 
the  quadrangle.  Half  a mile  south  of  Maple  Gi’ove  School,  the  Third 
sand  of  the  Church  Run  streak  gently  rising  to  the  north,  is  dropimd 
fifteen  feet  between  adjacent  wells,  i)robably  by  a fault.  The  wells 
5vere  drilled  by  a competent  and  thoroughly  reliable  driller,  and  the 
elevations  were  carefully  checked.  Unfortunately,  the  streak  is  only 
one  well  location  wide  at  this  point,  so  that  it  was  ini])ossible  to 
determine  the  strike  of  the  fault  or  monocline. 

A small  reverse  fault,  whose  plane  dips  east  or  southeast  about  45° 
and  which  has  a vertical  displacement  of  six  feet,  is  exposed  along 
the  railroad,  about  1,500  feet  above  Miller  arm  bridge,  four  miles 
south  of  Titusville.  Its  strike  api^ears  to  be  a little  east  of  north,  but 
could  not  be  determined  closely.  A similar  small  reverse  fault  with 
the  southeast  side  up  was  exposed  in  excavations  for  the  spillway  at 
the  Tionesta  dam,  three  miles  southeast  of  the  southeastern  corner 
of  the  quadrangle. 

Small  irregularities  in  the  surface  of  the  Third  Stray  sand  are 
noticed  where 'that  sand,  or  the  underlying  Third,  is  abnormally  thick. 
South  of  Grand  Valley  the  thick  streaks  are  retlected  in  Avriidvles  on 
the  top  of  the  sand.  At  Dotyville  the  Third  Stray  sand  shows  a small 
dome  20  feet  high  over  the  thick  Third  sand.  There  is  a similar 
dome  at  Shamburg  and  anticlinal  Avrinkles  OA'er  the  Chui'ch  Run  and 
Octave  pools.  These  highs  are  due  to  the  fact  that  the  shales  have 
suffered  more  compaction  than  the  sandstones,  and  hav^e  no  structural 
significance. 


OIL  GEOLOGY 
Acciniinlatioii  of  oil  and  gas 

AVitliin  the  Titu.sA’ille  quadrangle  oil  and  gas  occur  only  Avhere 
there  are  sandstones  of  considerable  porosity  and  permeability,  and 
it  is  the  location  of  the  sandstone  beds  that  determines  the  location 
of  the  pools.  Some  porous  beds  do  not  contain  oil  or  gas,  notably 
the  Corry  sandstone,  which  crops  out  finite  generally  in  the  valleys 
i)i  the  quadrangle,  and  Avhich  usually  contains  fresh  water.  The 
First  Sand  formation,  Avhich  crops  out  in  the  deep  glacial  A’alleys  in 
the  northern  jiart  of  the  (|uadrangle,  also  frequently  contains  fresh 
Avater.  No  extensiA'e  sand  body  beloAV  the  First  sand  contains  salt 
Avater  to  the  exclusion  of  oil.  The  Secontl  sand  near  Shamburg  is 
reported  to  contain  salt  Avater,  and  there  are  several  districts  in  the 
Third  and  Third  Stray  sand  that  liaA'e  been  accidentally  flooded. 
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Structure  apparently  has  had  little  effect  in  segregating  oil  and 
water  within  the  quadrangle.  Naturally-encroaching  edgewater  has 
never  been  known  to  exist.  Connate  water  is  present  in  both  produc- 
tive and  non-productive  sand  beds,  as  shown  by  core  analyses,  but 
seldom  saturates  the  sand.  The  lack  of  segregation  between  water 
and  oil  may  be  ascribed  to  the  lenticnlarity  of  the  pay  sand  beds, 
which  can  seldom  be  traced  more  than  a few  hundred  feet  laterally, 
and  to  the  low  dip  of  the  strata.  Under  these  circumstances  gravity 
has  less  eff'ect  than  the  capillary  pressures  of  the  fluids  (26). 

Gas,  however,  with  a much  lower  viscosity  and  a much  greater 
density  differential,  is  more  likely  to  be  segregated  by  structure.  It 
is  a general  ride  that  gas  is  or  has  been  more  abundant  at  the  north- 
ernmost, that  is,  the  higher  ends  of  the  various  sand  bodies. 

Petrography  of  the  sands 

Textwrc.  As  has  already  been  stated,  the  sands  range  from  an 
extremely  fine  and  silty  character  to  coarse,  pebbly  conglomerates. 
As  a general  rule  they  are  thoroughly  cemented  by  secondary  silica, 
and  may  be  properly  called  quartzites.  Thin  sections  show  that  the 
grains  are  cemented  by  secondary  silica  overgrowths,  which  partake 
of  the  crystal  axis  of  the  original  quartz  grains,  and  which  join  the 
adjacent  grains  in  an  irregular  manner,  frequently  resembling  the 
sutures  of  a jig-saw  puzzle.  The  surfaces  of  most  of  the  smaller 
cavities  are  bound  by  plane  crystal  faces,  and  many  of  the  cavities 
are  completely  filled  with  calcite.  The  finer  the  grain  size  the  more 
complete  the  secondary  silica  cementation ; the  coarser  pebble  rocks 
are  in  places  quite  loose  and  friable,  and  the  pebbles  are  not  over- 
grown. In  some  coarse  soft  pebble  rocks  small,  loose,  perfectly- 
shaped  quartz  crystals  are  common.  Many  of  the  pebbly  beds  con- 
sist of  pebbles  in  a hard  shaly  and  ferruginous  matrix.  Veins  of 
(jnartz  up  to  an  inch  in  thickness,  with  vugs  and  geode  cavities,  were 
noted  in  two  cores.  In  another  core  small  veins  of  galena  have 
been  found. 

Grain  size.  Numerous  screen  analyses  of  the  sands  of  the  Venango 
group  have  been  made.  Pettke  (17)  has  tabulated  twenty  from  the 
First  sand  at  Hamilton  Corners.  These  have  been  plotted  as  histo- 
grams in  Figure  1. 

AVilliam  L.  AA^ershelman  in  1937  made  screen  analyses  of  oil  sands 
of  the  Goodwill  Hill  district.  Eight  of  these  are  plotted  in  Figure  2. 

The  histograms  show  the  great  variation  in  size  of  the  particles. 
However,  several  show  a remarkable  degree  of  sorting.  Some  samples 
have  50  percent  or  more  of  the  grains  in  one  or  two  grades,  most 
commonly  between  0.1  and  0.2  millimeters. 

Because  of  the  secondary  silica  cementation  it  is  difficult,  if  not 
impossible,  to  make  an  accurate  grain-size  analysis.  The  fine  grades 
consist  jiartly  of  crushed  grains,  and  the  coarser  grades  consist  partly 
of  aggregates,  which  are  impossible  to  reduce  without  further  crush- 
ing. Because  of  this  cementation,  it  is  questionable  whether  attempts 
to  relate  grain  size  and  porosity  or  permeability  in  the  Venango  sands 
will  yield  important  results. 
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Figure  1.  Grain-size  histograms  of  First  Sand  near  Hamilton  Corners. 

(After  C.  R.  Fettke) 


Composition.  The  pebbles  are  principally  white  quartz.  Yellow 
quartz  is  common  and  red  jasper  is  rare.  Fragments  or  igneous  and 
metamorphic  rocks  are  absent  or  exceedingly  rare.  The  sand  grains 
are  clear  quartz,  and  feldspars  are  comparatively  rare.  Muscovite 
mica  is  abundant.  Ilmenite  and  magnetite  are  common.  Hematite, 
limonite,  siderite,  and  pyrite  are  abundant  and  doubtless  authigenic, 
that  is,  formed  in  place  by  percolating  solutions,  and  not  deposited 
as  water  borne  grains  like  the  quartz.  Heavy  minerals  are  scarce 
and  show  remarkably  few  species.  Zircon  and  tourmaline  constitute 
the  bulk  of  them.  The  tourmalines  are  of  various  colors  and  occa- 
sionally show  euhedral  overgrowths  on  rounded  grains.  Barite  is 
locally  common  and  is  undoubtedly  authigenic.  The  titanium  min- 
erals, rutile,  anatase,  and  brookite  are  present  in  nearly  every  sample. 
Garnet,  chlorite,  and  zoisite  are  rare.  The  heavy  minerals  in  samples 
from  a well  in  the  Goodwill  Hill  district  are  shown  in  table  2 as  per- 
cent of  total  nonopaque  heavy  minerals. 
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Figure  2.  Grain-size  histograms  of  First  and  Third  Sands  in 
Goodwill  Hill  District.  (After  W.  L.  Hershehnan) 


The  striking’  features  of  the  heavy  mineral  suite  are  (a)  its  remark- 
able eonstaney  in  percentage  and  (b)  its  lack  of  any  but  the  more 
resistant  species  of  minerals.  These  indicate  that  the  source  of  the 
sands  of  the  Upper  Devonian  through  the  Mississippian  was  essen- 
tially the  same,  and  that  it  consisted  almost  entirely  of  sedimentary 
rocks,  or  of  a sedimentary  series  which  has  been  only  slightly 
metamorphosed  (20).  If  the  sands  had  been  derived  from  either  an 
igneous  or  metamorphie  mass  there  would  have  been  far  more  variety 
of  minerals,  and  in  particular,  hornblende,  epidote,  andalusite,  silli- 
rnanite,  and  cyanite  should  have  been  common.  Of  several  thousand 
grains  identified,  there  was  one  doubtful  hornblende  and  a few  doubt- 
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TABLE  2 

Ilvunj  iiiiiicralx  in  drill  cuitinga  from  oil  well  on  Ooodirill  Hill:" 
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* Percent  of  total  nou-op;uiue  crop.  Opaques  not  counted. 


fill  sillimanites.  The  presence  of  traces  of  chlorite  and  zoisite  indi- 
cates that  perhaps  a very  small  portion  of  the  material  was  derived 
from  a metamorjihic  series,  but  these  may  also  have  survived  a period 
of  enclosure  in  older  sedimentary  bed.s. 

The  sands  have  thus  passed  through  at  least  one  cycle  of  previous 
transportation  and  deposition.  They  may  have  been  lithified  pre- 
viously, since  some  pebbles  consist  of  quartzite.  They  woidd  be  ex- 
pected to  be  thoroughly  rounded,  but  are  exceedingly  angular  in 
shape.  This  angularity  is  due  to  the  secondary  silica  overgrowths, 
and  to  the  unavoidable  crushing  in  reduction  to  grain  size. 

Porosify  and  permeability . The  porosity  and  permeability  of  the 
sands  of  the  Venango  series  are  exceedingly  variable.  The  porosity 
ranges  from  5 percent  or  less  to  a maximnm  of  about  ‘20  to  25  percent. 
The  average  for  the  producing  sands  is  in  the  neighborhood  of  15 
percent.  The  permeabilities  range  from  essentially  zero  for  the  fine, 
silty,  shaly  sandstones  to  1.000  millidarcies  for  the  coarse  pebbly  sands. 
The  pebble  beds  are,  however,  frequently  thoroughly  cemented  with 
shale  and  ferruginous  material,  and  may  have  very  low  permeabilities. 
Most  of  the  best  productive  sands  range  between  10  and  500  mil- 
lidareies  in  permeability. 

Several  hundred  cores  have  been  taken  within  the  Titusville  (piad- 
rangle.  As  a rule  samples  are  tested  for  permeability  every  four  to 
six  inches,  and  for  porosity  and  oil  and  water  content  every  foot  or 
two,  de])ending  on  the  lithology  of  the  sand.  Characteristic  core 
analysis  profiles  of  two  wells  300  feet  apart  in  the  Goodwill  Hill  pool 
are  shown  in  Figure  3 and  two  wells  near  Pioneer  in  Figure  4,. 

Oil  content.  The  oil  content  is  determined  by  various  methods, 
and  iisually  expressed  as  saturation,  or  percent  of  total  pore  space 
occupied  by  oil.  The  laboratory  wliich  has  analyzed  most  of  the 
cores  used  in  compiling  the  reserve  estimates  in  this  report  extracts 
the  oil  with  a solvent,  usually  carbon  tetrachloride,  and  the  resulting 
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Figure  3.  Characteristic  core  analysis  profiles  of  two  wells  about 
300  feet  apart  in  the  Goodwill  Hill  District. 
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solution  is  coiiipiireil  colorniietriccilly  witli  staiidard  solutions  of  the 
same  oil.  The  value  is  cheeked  by  the  loss  in  weight  of  the  sample 
and  the  amount  of  water.  The  latter  is  determined  liy  extraction 
with  xylene  according  to  A.S.T.iM.  standards.  Other  laboratories  use 
the  retort  methods  of  determining  oil  and  water. 

The  oil  content  of  the  producing  sands  ranges  from  10  or  12  per- 
cent to  40  or  50  percent  of  pore  volume  saturation,  although  most 
analyses  show  less  than  30  percent.  It  is  (piestionable  whether  much 
oil  will  be  produced  from  a sand  less  than  20  percent  saturated.  Ex- 
pressed as  barrels  per  acre-foot,  the  oil  content  ranges  from  100  to 
350  or  400,  with  an  average  for  all  sands  between  250  and  275  barrels 
per  acre-foot.  Cored  wells  showing  an  average  of  less  than  150 
barrels  per  acre-foot  protlnced  very  little  oil. 

Water  content.  The  water  content  ranges  usually  from  40  to  60 
percent.  The  water  saturation  has  an  important  influence  on  re- 
covery by  air  drive.  It  seems  likely  that  the  oil  saturation  can  be 
reduced  to  20  percent  or  less  only  when  some  water  is  present,  so 
that  a considerable  amount  of  the  grain  surface  is  wet  with  water. 
With  high  water  saturations,  however,  the  permeability  of  the  rock  to 
oil  becomes  very  low,  and  little  or  no  oil  can  be  recovered. 

There  are  few  places  in  the  quadrangle  where  only  salt  water  is 
produced  from  a sand.  The  Second  sand  often  produces  considerable 
quantities  of  salt  water,  and  electric  logs  indicate  that  the  -water 
may  be  confined  to  certain  beds.  In  nearly  all  fields  a good  deal  of 
salt  Avater  is  prodiiced  Avith  the  oil,  but  it  is  not  knoAvn  Avhether  it  is 
coming  from  the  same  beds  as  the  oil  or  from  adjacent  strata. 

Estimation  of  Reserves 

In  making  estimates  of  the  reseiwes  of  oil  in  the  TitusAulle  quad- 
rangle, the  analyes  of  more  than  500  cores  Avere  used.  These  are 
fairly  well  distributed  throughout  the  quadrangle  and  are  lacking  only 
from  the  BreedtoAAUi  pool. 

For  every  sand  but  the  First  sand,  the  sand  thickness  maps  Avere 
diA'ided  into  small  areas  to  which  Avere  assigned,  on  the  basis  of  the 
cores,  a certain  number  of  barrels  per  acre-foot.  Each  small  area 
AAms  then  measured  by  planimeter  and  the  area  in  acres  multiplied  by 
the  aA-erage  thickness  and  the  number  of  barrels  per  acre-foot.* 
Studies  based  on  both  laboratory  Avork  and  field  eAudenee  IniAm  indi- 
cated that  only  the  oil  in  excess  of  150  barrels  per  acre-foot  is  recoA^er- 
able.  A separate  computation  Avas  made,  using  the  number  of  barrels 
per  acre-foot  in  excess  of  150,  to  determine  the  amount  of  oil  recoA^er- 
able  by  secondary  methods  of  recoA'ery  uoav  in  use.  This  figure  Avill 
be  larger  than  the  actual  expected  recoA'ery,  since  to  reduce  the  oil 
content  to  near  150  barrels  per  acre-foot  requires  close  Avell  spacing 
and  intensive  application  of  air,  gas,  or  other  secondary  recovery 
medium. 

The  method  of  estimating  reserves  by  computing  the  number  of 
acre-feet  in  small  areas  could  not  be  applied  to  the  First  sand,  since 
the  sand  bodies  are  so  irregular  that  it  AA’as  impossible  to  draAv  thick- 


A'alues  assigned  ranged  from  200  to  350  barrels  per  acre-toot. 
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Figure  4.  Characteristic  core  analysis  profiles  of  two  wells  about 
300  feet  apart  in  the  Pioneer  District. 
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ness  maps.  The  First  sand  was  divided  into  similar  small  areas,  a 
total  barrels-per-acre  value  assigned  to  each  area,  and  the  total  oil 
in  each  area  computed.  Since,  for  the  other  sands,  the  oil  in  excess 
of  150  barrels  per  acre-foot  averaged  about  40  percent  of  the  total, 
it  was  assumed  that  40  percent  of  the  oil  in  the  First  sand  is 
recoverable. 

It  is  considered  unwise  to  present  reserve  estimates  completely 
broken  down  into  different  pools,  since  an  error  in  assigning  the 
proper  value  to  a district  might,  if  published,  cause  an  undeserved 
appreciation  or  depreciation  of  its  value.  Estimates  for  certain  of 
the  more  important  individiial  pools  are  shown.  The  reserve  estimates 
have  been  based  on  all  the  information  available  and  have  been  pre- 
pared with  care.  They  are  believed  to  be  as  accurate  as  possible  at 
the  present  time. 

TABLE  3. 

Ifc-'icri'es  of  oil  iii  the  Titusville  Quadrnv gle. 


Productive 

Total  oil. 

Recoverable  oil. 

Sand 

acreage 

barrels 

barrels 

First  

14,580 

64,460,000 

25,784,000 

Red  Valiev  

. 8,897 

43,494,000 

19,921,000 

Second  

9,595 

46,240,000 

19,200,000 

Third  Stray,  Black  Oil  District 

8,170 

19,793,200 

7,110,000 

Third  Stray  Elsewhere  

16,635 

57,360,000 

21,101,000 

Third  

18,513 

125,249,500 

46,492,600 

76,390* 

356,596,700 

139,608,600 

* Total  acreage  of  sands.  Actual  productive  area  is  42,8.30  acres. 


Economically  recoverable  reserves.  Although  it  is  probably  physi- 
cally possible  to  recover  about  140,000,000  barrels  of  oil  from  the 
Titusville  (piadrangle,  it  is  doubtful  whether  it  will  ever  be  eco- 
nomically profitable  to  do  so. 

It  is  clear  that  for  a repressuring  operation  the  investment  in  wells, 
plant,  and  operating  expenses  will  be  approximately  the  same  for 
any  acreage,  but  the  oil  produced  will  depend  on  the  thickness  of  the 
pay  sand  and  its  oil  content.  Thus  different  leases,  for  any  particular 
price  of  oil,  may  be  classed  as  profitable,  paying,  or  unprofitable. 
Certain  leases  are  profitable  at  a price  of  oil  of  .$1.75  a barrel,  while 
others  would  be  unprofitable  to  operate  at  $4.00  a barrel.  INIany 
leases  in  the  quadrangle  .may  be  classified  as  marginal,  that  is,  profit- 
able to  operate  only  when  the  price  of  oil  is  high.  These  facts  should 
be  borne  in  mind  by  those  desiring  to  invest  money  in  the  area.  The 
actual  oil  content  of  any  lease  may  be  estimated  by  studying  the 
production  history  and  well  records,  and  may  be  determined  with 
some  assurance  by  drilling  and  coring  one  or  more  wells. 

The  estimate  of  reserves  given  above  may  therefore  be  misleading. 
For  example,  ten  feet  of  sand  with  a recoverable  oil  content  of  100 
barrels  per  acre-foot  might  be  profitable  to  operate  if  there  were 
twenty  feet  of  another  good  sand  above  or  below  it,  but  (piite  un- 
profitable alone.  The  economically  recoverable  reserves  in  1940  ai-e 


24 


TITUSVILLE  QUADKANGLE 


a rather  small  fraction  of  the  physically  recoverable  reserves,  but 
they  might  be  doubled  or  tripled  by  an  increase  of  $1.00  a barrel  in 
the  price  of  oil. 

PRODUCING  OIL  SANDS 


Or.A(I.\L  S.ANDS 

Oil  was  found  on  AVatson  Flats  at  a depth  of  15  feet  in  glacial 
gravels,  in  April  1877.  The  sand  and  gravel  filling  the  valley  is 
capped  by  a layer  of  impervious,  tough,  blue  clay.  It  was  suggested 
by  Carll  (9,  p.  425)  that  the  oil  seeping  up  from  the  underlying  oil 
series  was  trapped  under  the  impervious  clay  in  a small  reservoir. 
Only  a little  over  an  acre  proved  productive,  and  Carll  estimated  in 
1879  that  about  ten  or  twelve  thousand  barrels  had  been  recovered. 

IJEI).S  AI50VE  VEN.^XOO  S.VND  GKOEP 

The  Corry  and  Cussewago  sandstones,  or  their  probable  equivalents, 
yield  oil  and  gas  in  districts  to  the  south  and  east  of  Titusyille,  but 
there  is  no  record  of  their  having  contained  appreciable  quantities  of 
oil  or  gas  within  the  quadrangle. 

The  Drake  well,  drilled  in  1859,  was  completed  August  27  at  a 
depth  of  69%  feet.  The  producing  sand  was  ubdoubtedly  a stray 
sand  in  the  lower  part  of  the  Riceville  shale.  Thin,  fine  sands  Avere 
noted  in  the  samples  and  electric  logs  at  about  this  horizon.  A well 
drilled  in  1939  (257  on  map)  about  half  a mile  north  of  the  Drake 
well  encountered  a 2-foot  sand  at  this  horizon,  which  produced  Avater 
and  a small  amount  of  oil.  The  oil  Avas  black,  viscous,  and  with  an 
A.  P.  I.  gravity  of  28°.  The  sand  undoubtedly  crops  out  under  the 
drift  a short  distance  to  the  north,  and  it  is  likely  that  the  Avater  in 
the  buried  valley  provided  the  pressure  necessary  to  force  the  oil 
up  Drake’s  AA^ell.  The  Drake  well  produced  from  eight  to  ten  barrels 
a day  for  some  months. 

A general  discussion  of  the  Venango  sand  group  will  be  found  in 
a previous  section.  The  folloAving  sections  discuss  the  sands  as  they 
are  found  in  the  various  producing  districts. 

FIRST  S.\ND 

(loodivill  HHl-Orand  Valley.  In  the  northeastern  quarter  of  the 
quadrangle  the  First  sand  has  been  productive  at  many  localities. 

Two  miles  north  of  Cutler  School  much  gas  and  some  oil  were 
found  in  numerous  small  pools  about  1920.  One  well  produced  several 
million  cubic  feet  per  day  Avlieii  first  drilled  in,  and  a pijie  line  was 
built  to  Erie  but  the  Avell  Avas  exhausted  in  a ferv  months.  In  places 
the  sand  is  20  to  30  feet  thick  but  the  pools  are  of  small  area. 

About  % mile  north  of  Cutler  School  is  an  irregular  pool  elongated  • 
in  an  east-Avest  direction  covering  about  200  acres.  The  sand  is 
recorded  to  be  20  to  40  feet  thick.  In  the  eastern  part  there  are 
two  pay  beds,  separated  by  shale,  the  upper  of  aaRIcIi  is  pebbly.  To 
the  southeast  are  tAVO  small  active  pools  and  one  abandoned,  with  a 
combined  area  of  80  acres. 


FIRST  SAND  POOLS 


A somewliat  lai'g'er  pool  southeast  of  Cutler  School  has  a jn'oductive 
area  of  about  220  acres.  Several  cores  taken  in  the  pool  show  the 
aggregate  of  the  productive  beds  to  be  as  iiiueh  as  25  feet.  The 
upper  part  is  usually  quite  pebbly,  the  lower  part  ouly  occasionally  so. 

About  % mile  northeast  of  Selkirk  is  a pool  which  is  principally 
productive  in  the  Third  sand,  but  some  First  Sand  oil  also  is  produced. 

Southwest  of  Grand  Valley  miles  is  a jmol  trending  southeast 
and  covering  about  120  acres.  The  First  sand  sonsists  of  alternating 
shale,  sandy  .shale,  and  sandstone,  with  some  ]iebbles  at  the  base  ouly. 
The  sand  body  is  cut  to  the  south  by  the  valley  of  Caldwell  Creek, 
where  it  crops  out  under  the  valley  fill. 

Southeast  of  Caldwell  Creek  Valley  is  a large  and  irregular  area 
where  the  First  sand  is  productive.  The  sand  is  extremely  variable, 
and  the  thickness  shown  in  the  well  records  changes  greatly  within 
a few  hundred  feet  laterally.  The  “pfi.v”  beds  seem  to  occur  more 
persistently  in  the  lower  part  of  the  sand,  but  in  many  places  the 
whole  section  is  shaly  and  impermeable.  Pebbles  are  very  rare  within 
the  formation,  but  are  often  found  in  the  top  and  base. 

Production  from  this  sand  is  of  fairly  recent  date.  During  the 
eai’ly  drilling,  the  Third  Stray  sand  was  the  ob.iective,  and  most  of 
the  older  records  do  not  show  the  First  sand  as  present.  The  i)roduc- 
tive  area,  with  outliers,  embi-aees  2,750  acres,  and  is  estimated  to 
contain  17, 000, 000  barrels  of  oil,  of  which  10  percent  or  0,800,000 
barrels  are  estimated  recoverable, 

rieasaiifviUe  pool.  The  largest  First  Sand  jmol  lies  west  and  south 
of  Pleasantville,  In  the  northwest  lobe  the  basal  part  of  the  sand  is 
rather  consistently  a coarse  sandstone,  pebbly  in  certain  beds.  The 
upper  part  is  variable  and  frecpieutly  shaly  and  not  shown  in  the 
well  records.  In  places  an  upper  pay  is  separated  by  ten  feet  of 
shale  from  the  lower  pay.  The  sand  is  characteristically  coarse  a]ul 
has  an  unusually  high  porosity,  from  19  to  23  jiercent.  The  per- 
meability ranges  up  to  1000  md. 

South  of  Pleasantville  the  sand  is  generally  present,  although  not 
so  rich.  It  consists  principally  of  alternating  beds  of  sbale.  sandy 
shale,  and  sandstone.  AVell  logs  record  20  to  40  feet  of  sand,  but  the 
aggregate  of  actual  ])ay-saud  beds  is  much  less,  seldom  reaching 
20  feet. 

In  the  northern  lobe,  and  to  a lesser  extent  in  the  southern  part, 
the  pool  is  operated  with  air  drive.  It  is  estimated  to  embrace  4,400 
acres  with  a total  oil  content  of  16,930,000  barrels,  of  which  perhaps 
40  percent,  or  6,772,000  barrels  is  recoverable. 

An  outlying  pool  IVL*  miles  west  of  .Terusalem  Corners  contains  up 
to  25  feet  of  pay  sand,  in  places  porous  and  well  saturated. 

A.'iburij  Chapel.  Xeai-  the  eastern  edge  of  the  quadrangle  are  three 
pools  of  First  sand  oil;  south  of  Neilltown,  east  of  Asbury  Chapel, 
and  northeast  of  AVashington  School.  Some  of  these  pools  liave  been 
shown  by  cores  to  be  ((uite  rich,  but  the  good  sand  is  of  limited  e-xtent. 
Some  First  sand  is  also  recorded  in  the  Cashup  district.  Altogether 
these  pools  underlie  920  acres  and  are  estimated  to  contain  3,980,000 
barrels  of  oil,  of  which  perhaps  1,600,000  are  recoverable. 
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Shamhurg-ritJiole.  South  of  the  Pleasantville  pool,  and  possibl.y 
continuous  uith  it,  is  a long  but  ratlier  narrow  area  extending  from 
Shamburg  to  Pithole,  under  which  the  First  sand  is  productive.  In 
the  Avestern  lobe  Avell  records  show  as  much  as  40  feet  of  sand,  but 
only  a small  portion  is  pay.  In  the  southern  lobe  10  to  30  feet  of 
sand  are  recorded,  but  cores  have  shoAvn  it  to  be  quite  shaly,  except 
for  certain  rather  rich  localities.  North  of  Pithole  the  First  sand  has 
been  knoAvn  locally  as  the  Quinn  sand.  The  total  area  contains 
1,310  acres,  and  the  sand  is  estimated  to  contain  4,770,000  barrels  of 
oil,  of  which  1,908,000  is  recoverable.  The  sand  is  reported  to  contain 
water  along  the  concave  southern  edge  of  the  pool. 

Pools  in  southern  'part  of  quadrangle.  The  First  sand  is  generally 
present  in  the  soutlnvestern  part  of  the  quadrangle,  and  is  locally 
liroductive.  Core  analyses  range  betAveen  a feAv  hundred  and  seATii 
thousand  barrels  per  acre. 

The  First  sand  is  productive  in  seATral  places  in  the  vicinity  of 
Russell  Corners  where  aatII  records  show  40  to  60  feet  of  santl,  of 
Avliieh  occasionally  as  much  as  30  feet  is  pay. 

North  of  Oakland  Church  is  a pool  of  First  Sand  oil.  The  pay  sand 
is  in  the  lower  part  of  the  formation,  and  ranges  from  9 to  over  20 
feet  in  thickness.  It  is  usually  called  the  Amber  sand  in  this  district. 

These  pools  total  2,650  acres  and  contain  about  9,000,000  barrels 
of  oil,  of  Avhich  3,620.000  may  be  recoverable. 

Cherrytree  Township.  Throughout  most  of  Cheri-ytree  ToAVUship 
are  small  scattered  spots  Avhere  the  First  sand  is  productive.  A small 
productive  area  about  one  mile  north  of  Cherrytree  was  discovered 
in  1939.  The  most  important  pool  is  in  the  Aucinity  of  Prather 
School,  where  there  may  be  30  to  40  feet  of  pay  sand.  The  upper 
part  frequently  contains  fine  pebbles  and  has  thin  shale  beds.  The 
loAver  part  is  in  places  clear  soft  sand.  Both  porosities  and  per- 
meabilities run  higher  than  normal,  and  the  sand  is  well  saturated. 
Pebbles  are  occasionally  found  in  the  small  pools  to  the  east,  but  the 
sand  is  generally  shaly  and  with  a low  porosity.  The  pools  aggregate 
1,000  acres,  and  contain  about  4,300,000  barrels  of  oil,  of  Avhieh  1,720,- 
000  barrels  are  recoverable. 

Northwestern  part  of  quadrangle.  Well  records  sIioav  the  First 
sand  to  be  present  throughout  most  of  the  northwestern  part  of  the 
quadrangle.  It  is  generally  reported  but  usuallj^  full  of  Avater  in  the 
Church  Run  pool  north  of  Titusville.  Scattered  Avildcat  wells  in 
Rome  ToAvnship  usually  record  it  as  present,  sometimes  with  small 
amounts  of  gas  and  a shoAv  of  oil,  and  usually  Avith  considerable  ciuan- 
tities  of  fresh  Avater.  There  are  no  commercially  productive  pools. 

KKIl  VAni.KY  SAND 

In  the  Carsonville,  Pineville,  and  NeilltoAvn  districts  the  sand  is 
mostly  massive  (“clear”),  especially  in  the  upper  part.  There  are 
occasional  shale  breaks  and  some  pebbly  beds.  The  latter  inay  be 
anyAvhere  in  the  sand  but  are  characteristically  near  the  top  or  bottom. 


SKCOXI)  SANT)  OIL  POOLS 


27 


more  often  near  the  bottom.  The  permeability  is  nsnally  rather 
loA',  seldom  as  ninch  as  dOO  millidareies.  The  porosity  is  15  to  18 
percent,  the  oil  saturation  25  to  27  percent,  and  the  avera«'e  oil  con- 
tent from  250  to  350  barrels  per  acre-foot. 

From  Pleasantviile  to  I’ithole  the  sand  is  very  similar.  Pebbles 
are  generally  found  neai-  the  base,  except  along'  Pithole  Creek  north 
of  Pithole  where  they  may  be  found  thronghout  the  bed.  The  oil 
content  ranges  from  200  to  300  barrels  per  acre-foot. 

Southeast  of  the  main  productive  belt  the  sand  is  somewhat  thinner, 
seldom  reaching  20  feet  in  thickness.  The  sand  is  apt  to  be  hard, 
relatiA'ely  impermeable,  and  frequently  broken  by  shaly  beds.  Al- 
though there  is  very  little  production  in  this  area,  much  of  the  sand 
is  possibly  oil-bearing.  The  general  lack  of  gas  pressure  and  the  im- 
pel ineability  of  the  sand  make  its  development  unprofitable. 

The  oil  is  of  an  amber  color  and  the  A.  P.  1.  gravity  ranges  from 
45°  to  48°.  ]\Iost  of  the  oil  production  comes  from  leases  which  have 
been  subjected  to  air  drive,  either  with  air  alone  or  air  and  gas. 

The  Ped  Valley  sand  is  productive  over  au  area  of  8, !)()()  acres.  It 
is  estimated  that  tliere  are  present  in  the  sand  43,5UU,()()()  barrels  of 
oil,  of  which  20, 000, 000  woidd  be  recoverable  by  intense  application 
of  air  drive. 

The  Ked  Valley  sand  a]iparently  derives  its  name  from  a district 
near  liockland  (Station  on  the  Allegheny  Piver  above  Plmlenton.  It 
is  called  the  Rosenberry  sand  in  northern  Butler  County  (2).  Be- 
tween Pleasantviile  and  Tidioute  it  is  generally  known  as  the  Second 
.sand  (1).  Near  Pleasantviile  it  is  commoidy  called  the  Lytle  sand. 
Since  over  a large  part  of  the  productive  area  around  Oil  City  ft  is 
called  Red  Valley,  and  since  the  name  has  seldom  been  misapplied, 
it  is  suggested  that  the  name  is  the  most  suitable  for  this  sand  in  the 
Vimango  fields. 


SKCOM)  (S.VUT)  S.\NI) 

hiast  of  Pleasantviile  the  Second  sand  ranges  from  10  to  20  feet  in 
thickness.  Characteristically  a bed  of  pebbles  is  at  the  top.  The 
middle  part  is  usually  massive  sand,  and  the  lower  jiart  is  often 
pebbly,  though  in  places  it  becomes  shaly. 

South  and  soutlieast  of  Pleasantviile  usually  the  upper  part  of 
the  sand  is  uniform  with  a permeability  of  about  50  millidareies,  aud 
the  lower  part  is  apt  to  be  broken  with  beds  of  shale.  There  is,  fre- 
quently a pebbly  bed  in  the  middle. 

In  the  Shand)nrg  area  the  sand  is  present  but  as  a rule  contains 
much  water.  Some  gas  is  present,  apparenth’  localized  by  the  small 
doine  that  I'e.sults  from  the  humping  of  the  sand  over  the  thick  Third 
Sand  body  below. 

Fai'ther  south  a)i  irregular  productive  area  extends  from  Pioneer 
east  and  south  about  4 miles.  The  sand  is  uniform  but  hard  and  with 
a permeability  usually  below  20  millidareies. 

In  the  neighborhood  of  Columbia  Farm  thei'c  is  usually  a bed  of 
well-cemented  pebbles  at  the  top,  and  the  sand  is  divided  into  two 
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jiarts  by  a shaly  zone,  which  frequently  contains  pebbly  beds.  The 
upper  zone  is  harder,  less  i)erineab]e,  and  with  lower  oil  content. 

Southeast  of  the  productive  belt  the  sand  is  usually  present,  but  is 
apt  to  be  hard  and  shaly.  Beds  of  red  and  green  shale  and  sand- 
stone seem  to  replace  the  white  and  gray  sandstone.  These  are  more 
brightly  colored  than  the  red  shales  above  the  First  sand,  and  may 
be  the  westerly  edge  of  the  Cattaraugus  red  facies  of  McKean  and 
"Warren  counties. 

The  Second  sand  is  perhaps  the  most  uniform  of  all  the  sands.  Its 
permeability  is  generally  low,  seldom  being  over  100  millidarcies  and 
usually  below  30  millidarcies.  The  oil  is  heavier  than  in  the  other 
sands,  ranging  from  38°  to  45°  A.  P.  I.  and  is  dark  colored.  Secondary 
recovery  by  air  drive  has  usually  been  successfxd  where  the  per- 
meability is  not  too  low.  Comparatively  high  pressures  (200-300  lb. 
per  sq.  in.)  are  required. 

In  the  Titusville  quadrangle  the  Second  sand  is  productive  under 
about  9,600  acres.  It  is  estimated  that  there  are  46,240,000  barrels 
of  oil  in  the  sand.  The  average  oil  content  in  the  productive  areas 
is  240  barrels  per  acre-foot,  of  which  100  barrels  per  aei’e-foot  is  the 
greate.st  recovery  which  can  be  expected  from  intensive  air  drive  de- 
A’elopment.  Since  the  average  thickness  of  sand  is  20  feet  there  are 
thus  about  19,200.000  barrels  of  recoA'erable  oil. 

The  Second  sand  was  the  sevond  productive  sand  encountered  in 
the  early  drilling  along  lower  Oil  Creek,  whence  its  name.  East  of 
PleasantAdlle  the  Red  Vallejo  sand  is  present  above  it,  and  Avas 
erroneously  called  the  Second  sand  by  the  drillers,  the  true  Second 
50  feet  beloAv  being  called  the  Salt  sand.  This  terminology  is  uni- 
versal betAveen  Pleasantville  and  Tidioute,  and  AA-as  therefore  folloAA^ed 
in  Bulletin  118  on  the  Tidioute  Quadrangle  (1).  Prom  Pleasantville 
soutliAvest  to  Oil  City  and  Franklin  the  loAver  sand  is  called  Second 
sand,  and  since  this  terminology  both  has  priority  and  coA'ers  a Avider 
area,  it  Avill  be  given  ixreference. 

TIllKU  .STKAV  .S.AM) 

(ioodwill  Rill-Grand  Talley  pool.  The  GoodAvill  Hill-Grand  Valley 
pool,  Avith  its  outliers,  coA'ers  about  7,400  acres  in  the  northeast  part 
of  the  quadrangle.  Although  the  First  sand  is  productive  in  certain 
areas,  the  greater  part  of  tiie  production  in  this  district  is  from  the 
Third  Stray  sand.  Since  in  this  area  the  sand  is  irregular,  reaching 
30  feet  or  more  in  thickness,  in  contrast  to  the  thin  and  regular 
character  of  the  Third  Stray  sand  along  loAver  Oil  Creek  and  Pleasant- 
ville, it  Avas  considered  to  be  the  Third  sand  by  the  early  drillers  and 
is  still  so  called.  Small  lexises  of  the  true  Third  sand,  occasionally 
productive,  are  found  in  places  beloAV  the  base  of  the  main  producing 
horizon  and  are  called  Fourth  sand. 

Essentially  the  pool  consists  of  long,  narroAV  streaks  or  belts  of  thick 
sand,  striking  N.30°E.  in  the  north  part  and  N.65°E.  in  the  south 
part.  Between  the  belts  the  sand  is  about  half  the  maximum  thick- 
ness in  the  thick  parts,  and  becomes  much  more  shaly,  and  much  less 
permeable  and  prodnctiA^e. 
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Northwest  of  a line  striking  N.55°E.  passing  throng'll  the  borough 
of  Grand  Valley  the  sand  is  thin  or  absent  and  is  not  reported  in 
well  records.  Southeast  of  this  line  the  streaks  begin.  They  are 
about  60  feet  thick  in  the  thickest  places  east  and  southeast  of  Grand 
Valley,  and  become  successively  thinner  to  the  southeast.  It  appears 
that  the  thickening  took  place  partly  at  the  bottom  of  the  sand,  so 
that  the  base  of  the  sand  descends  until  it  joins  the  top  of  the  Third 
(there  called  Fourth),  giving  an  exaggerated  thickness  in  some  places. 
Where  this  took  place  it  is  seldom  possible  to  distinguish  the  true 
Third  sand.  Due  to  differential  compaction  of  the  sands  and  shales, 
the  top  of  the  sand  is  higher  over  the  thick  belts  than  between  them, 
so  that  the  subsurface  contours  show  small  anticlinal  wrinkles,  which 
have,  of  course,  nothing  to  do  with  structure. 

East  of  Grand  Valley  there  is  60  feet  of  this  sand.  The  first  three 
feet  are  fine  to  coarse  white  pebbly  sandstone  with  thin  beds  of  sandy 
shale.  There  follow  8 feet  of  fine,  irregularly  bedded  and  lumpy 
shaly  sandstone.  Delov  are  10  feet  of  medium-grained,  rather  homo- 
geneous sandstone  with  scattered  .small  quartz  pebbles.  Below  is  12 
feet  of  sandstone  with  thin  shaly  streaks,  pebbly  in  certain  beds.  A 
one-foot  bed  of  sandy  shale  may  mark  the  base  of  the  Third  Stray. 
There  follow  about  20  feet  of  pebbly  sandstone,  with  beds  of  medium 
to  fine  sandstone  and  sandy  shale.  At  the  base  there  are  always  a 
few  feet  of  pebbly  sandstone  with  abundant  fragments  of  black  ligiiitic 
wood.  Below  the  base  is  dark  gray  shale  with  some  sandy  shale.  The 
porosity  averages  13  percent  and  the  permeability  is  usually  less  than 
500  millidarcies  except  in  the  coarser  beds,  where  it  may  reach  2,000. 

Farther  southeast  the  sand  becomes  thinner  and  contains  fewer 
pebbly  beds  and  more  shale.  In  the  center  of  the  field,  where  the 
.streaks  are  about  40  feet  thick,  the  sand  consists  of  beds  of  fine.  hard, 
white  sandstone,  with  thinner  beds  of  sandy  shale,  usually  irregularly 
bedded  and  lumpy.  Pebbles  are  usually  i)reseut  at  the  top  and 
bottom,  where  tliey  may  be-  cemented  tightly  in  a shaly  matrix.  The 
permeability  ranges  from  10  to  500  md.,  the  porosity  averages  15 
percent  and  the  saturation  ranges  from  20  to  20  percent,  which  is 
better  than  the  average  for  the  (juadrangle.  Intensive  air  drive  has 
been  very  successful  in  this  part  of  the  field. 

About  1,500  feet  southeast  of  Goodwill  Hill  Town  Hall  the  sand 
is  less  than  20  feet  thick,  and  there  is  a narrow  belt  where  it  is  com- 
paratively unproductive.  South  of  this  point  the  sand  thickens  again, 
although  the  streaks  are  less  pronounced.  There  are  three  or  four 
streaks  to  the  southeast,  the  last  two  more  than  40  feet  thick.  Near 
the  Euterprise-Tidioute  road  the  sand  ceases  ahruidly  and  is  not 
recorded  for  several  miles  to  the  southeast. 

The  last  two  streaks  constitute  the  Colorado  pool,  which  is  the 
southwestern  end  of  the  Triumph  Streak.  Following  this  streak  to 
the  northeast,  it  attains  in  the  Tidioute  quadrangle  a thickness  of 
more  than  100  feet  (1). 

The  Colorado  pool  was  discovered  in  the  summer  of  1870  and  was 
very  productive,  though  data  on  initial  productions  are  not  available. 

The  Atlas  well,  located  2 miles  northeast  of  Grand  Valley,  was 
drilled  in  1867  and  may  be  considered  the  discovery  well  of  the  Grand 


30 


TiTUSM  L lp:  qfadk angle 


^'al]ey  pool  (9,  p.  270).  Other  nearby  wells  were  dry,  and  ten  years 
later  a new  development  was  begun  about  a mile  southwest  of  the 
Atlas  well.  This  opened  the  northernmost  of  the  streaks.  The  initial 
productions  were  not  large  compared  to  the  first  wells  drilled  in  other 
important  Third  Sand  pools.  Small  wells  were  brought  in  occa- 
sionally beOveen  (Trand  Valley  and  Colorado,  but  it  was  not  until 
about  189(1  that  intensive  development  of  the  Goodwill  Hill  district 
began.  In  this  area  initial  ])roductions  are  said  to  have  been  several 
hundred  barrels  per  daju 

The  total  productive  area  of  the  Gi'aud  Valley-Goodwill  llill- 
Colorado  pools  embraces  T.-lOO  acres.  Measurement  of  the  areas 
underlain  by  sands  of  (littering  thickness  indicates  that  there  are 
about  203, 80(1  acre-feet  of  oil  sand,  containing  50,-12(),0()U  barrels  of 
oil,  as  indicated  by  90  core  analyses.  Assipining  that  the  oil  in  excess 
of  150  barrels  per  acre-foot  is  recoverable  by  intensive  air  drive,  there 
are  19,930,000  barrels  of  recoverable  oil. 

West  of  Grand  A^alley  the  Third  Stray  sand  is  probably  present 
but  poorly  developed.  Northwest  of  Selkirk  there  are  several  beds 
of  sand,  occasionally  red,  aggregating  25  or  30  feet  in  thickness. 
Some  of  these  may  belong  to  horizons  above  the  Third  Stray  sand. 
(One  mile  southeast  of  Cutler  School  a well  pierced  5 feet  of  non- 
prodipctive  sand  with  5 feet  of  soft  highly  ferruginous  reddish  sand, 
20  feet  above  it.  At  Hummer  School  up  to  15  feet  of  Third  Stray 
sand  is  reported.  This  occurrence  is  northwest  of  the  line  passing 
through  Grand  A^alley,  and  is  somewhat  anomalous. 

Gne  mile  east  of  AVhiteoak  School  up  to  20  feet  of  Third  Stray 
sand  is  r-eported.  Oil  is  not  very  abundant,  and  is  produced  along 
with  that  from  the  very  thick  Third  sand  below  it.  This  thickness 
of  pebbly  sand  below  causes  a pronounced  humping  in  the  Third 
Stray,  which  takes  the  shape  of  a dome  with  about  10  feet  of  closure. 
It  is  doubtless  due  to  differential  compaction  and  has  no  structural 
significance.  This  Third  Stray  sand  is  in  the  Dotyville  pool. 

Church  Run  'pool.  Still  farther  southwest,  in  the  neighborhood  of 
Henderson  School  and  Henderson  Church,  north  of  Titusville,  in 
an  area  of  about  2,500  acres,  logs  of  wells  to  the  Third  sand  show 
up  to  20  feet  of  Third  Stray  sand.  One  core  from  this  district 
showed  well-cemented  pebbles  and  some  slialy  sandstone  with  a very 
low  porosity.  It  is  doubtful  whether  there  is  much  production  from 
this  sand  in  this  area,  the  bulk  of  the  oil  coming  from  the  Third  sand. 
It  is  estimated  that  there  are  3,750,000  barrels  of  oil  iii  the  sand,  of 
which  less  than  10  percent  is  recoverable. 

Brecdtown  pool.  In  the  same  southwes'terly  direction,  at  Breed- 
town,  there  is  an  area  of  1,160  acres  where  oil  is  produced  from  the 
Third  Stray.  The  sand  ranges  from  7 to  13  feet  in  thickness.  The 
sand  here  seems  to  be  about  30  feet  lower  than  woidd  be  expected, 
and  there  is  a possibility  that  it  may  be  the  true  Third  sand.  The 
logs  of  a few  wells  in  the  eastern  part  of  the  pool  show  the  Third 
sa)ul  33  feet  below,  Avhich  is  about  the  proper  interval.  The  westerly 
dip,  as  shown  by  the  contours  between  Zerrer  School  and  Center 
School,  is  thus  partly  structural  and  partly  due  to  differential  com- 
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paction  over  the  thick  Thii'd  Sand  streak,  -which  reaches  a maxininin 
of  60  feet  one  mile  soutli  of  Zerrer  School. 

No  cores  were  available  from  this  pool.  It  is  assumed  that  the  sand 
contains  an  average  of  200  barrels  per  acre-foot  (it  may  be  richer), 
which  would  mean  a total  of  2,320,000  barrels  of  oil,  of  which  580.000 
are  recoverable. 

rieasanfville  or  Black  Oil  pool.  Southeast  of  a NE-SAV  line  jia.ss- 
ing  through  the  southeast  corner  of  the  borough  of  Pleasantville  the 
Third  Stray  sand  is  usually  present.  Its  character  here  is  very  dif- 
ferent from  the  Goodwill  Hill  pool.  The  sand  is  generally  jicbbly, 
especially  at  the  top  and  bottom.  Instead  of  occurring  in  streaks  it  is 
remarkably  uniform  in  thickness,  ranging  between  10  and  20  feet, 
of  which  usually  8 feet  is  classed  as  pay.  The  texture  varies  con- 
siderably. Altogether,  8,645  acres  have  l)een  protluctive,  and  2,485 
aei'es  are  now'  abandoned  because  of  accidental  water  floods.  Because 
the  oil  in  this  pool  is  darker  than  in  other  sands  and  districts,  the 
sand  is  generally  called  the  Black  Oil  sand.  The  A.  P.  1.  gravity  of  the 
oil  ranges  from  44°  to  50°. 

In  the  district  between  Pleasantville  and  Shamburg  a few  cores 
show  6 to  10  feet  of  sand,  mostly  coarse,  "cloverseed”,  with  frequent 
pebbly  beds,  especially  at  the  top  and  bottom.  Two  miles  north  of 
Pleasantville  the  sand  is  mostly  coarse  and  pebbly,  but  contains  shaly 
layers.  The  porosity  ranges  from  12  to  19  percent  and  the  saturation 
is  usually  over  25  percent  and  occasionally  uii  to  40  percent,  which 
is  high  for  the  region.  The  average  oil  content  is  also  high,  usually 
over  300  barrels  per  acre-foot. 

Wells  in  the  district  between  Pleasantville  and  Asbury  Chapel, 
are  quickly  and  seriously  damaged  if  water  reaches  the  sand  face. 
If  the  easing  leaks  and  Avater  accumulates  in  the  hole,  it  enters  the 
sand  and  nearly  eliminates  its  permeability  to  oil,  so  that  the  produc- 
tion of  the  w'ell  is  adversely  affected.  Some  of  the  Avater  comes  back 
out  of  the  sand  in  time,  but  as  a rule  the  Avell  is  permanently  damaged. 
(Most  of  the  Avells  are  drilled  100  feet  deeper  than  the  sand,  to  make 
a “pocket”  in  AA’hich  the  AA'ater  may  collect  AAdiile  the  casing  is  re])aired. 

Black-oil  Avells  in  this  district  produce  no  Avater  Avith  the  oil,  and  it 
seems  likelj’  that  the  sand  may  contain  less  connate  Avater  than  nsual, 
so  that  the  surface  AA'ater,  AA'hich  may  enter  accidentally,  encounters 
principally  oil-Avet  surfaces.  The  permeability  to  Avater  is  thus  quite 
loAA',  but  the  hydrostatic  head  in  the  Avell  forces  Avater  into  the  sand 
for  several  feet.  On  removal  of  the  head  of  Avater  in  the  Avell,  hoAv- 
ever,  there  is  no  pressure  in  the  sand  to  force  the  Avater  out  and  it 
remains,  plugging  the  pores  and  effectually  stopping  the  movement  of 
the  oil.  It  is  also  possible  that  capillary  conditions  in  the  sand  are 
such  as  to  cause  the  sand  to  imbibe  the  Avater,  eveii  Avithout  much 
hydrostatic  head  (26). 

Repressuring  Avith  air  has  not  been  very  successful  in  the  Black 
Oil  sand.  It  may  be  that  connate  Avater  being  almost  lacking,  the 
total  A'olume  of  fluids  in  the  sand  is  comparatAely  small  and,  there- 
fore, the  air  encounters  less  resistance  and  is  less  effective  in  driving 
oil.  Leases  producing  only  or  principally  from  the  Black  Oil  sand 
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are  pumped  every  feAV  daj’s  and  tlie  production  per  Avell  is  low  but 
declines  vei’y  sloAvly. 

The  Pleasantville  pool  was  discovered  on  February  1,  1868,  by  the 
llarmonial  Avell,  in  the  borough  of  Pleasantville  (267  on  map).  This 
AveJl  started  with  a small  yield,  and  at  the  end  of  two  weeks  was 
pumping  about  30  barrels  per  day.  Its  prodiiction  gradually  increased, 
and  it  hnallj'  started  to  flow,  its  best  pi-oduction  being  125  barrels  per 
day  three  months  later.  After  other  wells  were  drilled  in  the  vicinity 
its  tioAV  ceased,  and  it  Avas  abandoned  on  November  1.  (21,  p.  18; 

9,  p.  259.)  The  pool  AAms  developed  rapidly,  but  never  produced 
more  tlian  2,000  barrels  per  day,  and  by  1869  had  begun  to  decline. 
This  rapid  decline  Avas  doubtless  due  to  the  thinness  of  the  sand  and 
its  high  lAermeability. 

The  central  part  of  the  Pleasantville  i^ool  is  iioav  floodetl  Avith 
Avater.  The  date  of  the  beginning  of  the  flood  could  not  be  ascer- 
tained, but  it  apparentl.A"  aaus  Avithin  a feAV  years  of  its  discovery. 
In  1868'  casing  in  most  wells  AAms  set  AAuth  a seed-bag,  but  the  AA’atens 
from  the  loAA^er  Pennsyh'anian  sands  are  highly  corrosive,  and  it  is 
likely  that  the  casings  Avere  eaten  .through,  and  abandoned  Avells 
Avere  improperly  plugged.  The  AAViter  is  still  advancing  sloAvly  in  a 
soulherlj^  direction,  and  easterly  in  a lobe  Iho  miles  southeast  of 
I’leasaiitville.  A hard  streak  just  southeast  of  the  corner  of  the 
borough  has  prevented  migration  in  a direct  southeasterly  direction. 
The  Avatered  area  is  shoAvn  on  the  map  as  abandoned. 

Eastward  from  Pleasantville  there  is  a lobe  as  far  as  Neilltown, 
but  the  sand  is  shaly  and  Avas  neA^er  very  productive.  Most  of  this 
district  is  noAV  abandoned.  East  and  northeast  of  Tyrrel  Farm 
School  the  sand  is  productive  in  isolated  spots,  AA’hich  trend  toAAmrds 
the  Fagundus  pool  in  the  Tidioute  (piadrangie  (1). 

At  Fagundus  the  sand  is  thicker,  and  has  responded  Avell  to  air 
drive. 


Pithole  pool.  The  Pithole  idooI  has  received  a great  deal  of 
notoriety,  although  its  total  production  AA^as  iiCA^er  A^ery  great.  It 
was  discoA'ered  on  January  7,  1865,  by  the  Frazier  or  United  States 
Avell  (282  oil  map  ) on  the  Holmden  farm.  The  hole  Avas  drilled  Avet 
(i.  e.  AAnthont  casing)  and  tubed  to  about  590  feet,  or  5 feet  from  the 
top  of  the  sand.  A seed-bag  packer  Avas  put  on  the  tubing  at  3611/2 
feet.  The  Avell  began  to  tloAA'  about  200  barrels  per  day  Avith  the 
sucker  rods  in  the  tubing,  from  AAdiich  Ave  may  infer  that  it  AAms  brought 
in  by  pumping.  As  it  aauis  drilled  Avith  the  hole  full  of  Avater  there 
Avould  be  no  large  shoAV,  and  probably  a pump  Avas  installed  for  test- 
ing. The  sucker  rods  Avere  remoA^ed  in  June  and  the  floAV  increased 
to  800  barrels  per  day  (22,  p.  139). 

Several  factors  combined  to  produce  an  unparalleled  speculative 
boom.  The  industry  Avas  Avell  established,  drilling  technique  had  ad- 
vanced, and  the  demand  for  oil  Avas  groAving.  Oil  sold  for  $5.00  to 
$8.00  per  barrel.  The  CiAul  lYar  Avas  over,  many  demobilized  soldiers 
AA’ere  idle,  the  currency  Avas  inflated,  and  capitalists  Avere  eager  to 
invest  money.  The  Homestead  Avell  AAms  completed  in  April,*  two 
more  AA'ells  in  June,  and  the  four  Avells  Avere  producing  2,000  barrels 
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per  day  by  tlie  end  of  June.  Speculators  arrived  by  the  liundreds 
a!id  half-acre  leases  sold  as  liigdi  as  $16,500  (19,  p.  154).  In  Septem- 
ber 1865  the  production  of  the  pool  was  6,000  barrels  per  day.  I’ithole 
is  estimated  to  have  had  a population  of  15,000,  and  had  a daily 
newspaper,  two  banks,  two  telegraph  offices,  two  churches,  and  over 
fifty  hotels  (19,  p.  139),  several  of  which  were  large  and  elegant,  the 
Bonta  House  having  accommodations  for  175  guests  (22,  367). 

The  city  was  short  lived.  In  November  the  Frazer  well  ceased 
flowing.  In  January  1866  the  production  had  declined  to  3,60(J 
barrels,  and  in  1867  it  was  less  than  1,000  barrels  per  day.  In  1867 
the  average  price  per  bai’rel  was  $2.50.  It  is  stated  that  3,500,000 
barrels  were  produced  from  less  than  100  acres  (19,  p.  140).  As  the 
sand  on  the  i\Iorey  and  llolmden  farms  is  less  than  15  feet  thick,  this 
figure  is  (piite  im[)Ossible.  The  old  pool,  as  outlined  by  tradition,  is 
shown  on  the  map  as  an  abandoned  area,  and  embraces  about  2o0 
acres.  Assuming  a porosity  of  20  percent,  an  initial  oil  saturation 
of  70  percent,  and  a final  saturation  of  30  percent,  about  620  barrels 
jrer  acre-foot  could  be  pi’oduced.  Over  250  acres  with  15  feet  of  sand 
this  Avould  be  about  2,000,00(_)  barrels  of  oil.  This  figure  agrees 
roughlj^'  Avith  the  sum  of  the  estimates  of  daily  iiroductiou  and  is  an 
outside  estimate  of  the  oil  that  Avas  produced  from  the  pool. 

The  field  and  city  Avere  almost  deserted  by  1869,  and  the  main 
part  of  the  pool  is  noAV  flooded.  A feAV  Avells  drilled  in  1923  on  the 
Morey  farm  on  the  northwest  edge  of  the  old  pool  shoAved  2 to  13 
feet  of  sand.  The  southeasternmost  Avell  drilled  into  Avater.  The 
flood  may  liaA^e  started  shortly  after  the  collapse  of  the  boom,  but 
there  are  no  statements  that  the  sharp  decline  in  produetion  Avas 
due  to  a Avater  flood.  The  reasons  for  the  rapid  decline  are  ohAuous. 
There  were  only  10  to  15  feet  of  highly  permeable,  coarse  sand,  and 
the  AA^ells  Avere  S])aced  absurdly  close.  All  the  gas  and  most  of  the 
oil  were  Avithdrawn  in  less  than  a year  after  the  discoA'ery.  It  Avould 
probably  be  feasible  to  uiiAvater  the  pool  as  Triumph  and  Church  Bun 
have  heeu  uinvatered,  but  it  is  questionable  Avhether  enough  oil  reniaius 
to  make  it  Avorth  Avhile.  Card  .states  (9,  p.  296)  that  several  small 
pools  containing  a large  amount  of  oil  Avere  discoA'ered  on  the  edges 
of  the  Pithole  fleld  after  the  central  district  Avas  flooded.  Obviously 
they  Avere  traps  into  AA'hich  Avater  had  forced  the  oil,  and  Avlien 
tapped,  the  Avater  encroached  rapidly.  A Avell  drilled  on  the  llyner 
farm  about  1920  produced  for  a time.  It  Avas  not  ascertained  AA’hether 
it  flooded  out. 

North  of  the  Pithole  pool  proper  there  is  a considerable  area  Avhere 
the  Third  Stray  sand  is  productive,  although  most  of  the  production 
comes  from  the  Red  Valley  and  Second  sands.  The  sand  averages 
8 feet  thick  and  is  pebbly  and  coarse  but  contains  some  shale  and  has 
rather  Ioav  permeability. 

The  old  Casliup  pool  Ipo  miles  northeast  of  Pithole  Avas  diseoA’ered 
in  1871  and  one  Avell  floAved  1,000  barrels  per  day.  The  sand  is 
probably  similar  to  the  sand  in  the  Pithole  pool,  and  a recent  core 
shoAved  14  feet  of  coarse  and  pebbly  sand  AA’itb  a ])ermeability  up  to 
800  md.  This  pool  Avas  iieATr  flooded,  and  embraced  270  acres,  about 
half  of  AA'hich  is  noAv  abandoned. 
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Shamhtirg-Pioneer.  From  south  of  Shamburg  to  Pioneer  the  Third 
►Stray  sand  is  present,  but  thin  and  not  very  productive.  It  is  also 
present  east  and  south  of  Russell  Corners,  -wdiere  it  is  partly  flooded, 
'file  sand  is  also  present  at  Columbia  Farm  and  north  of  Oakland 
Church.  It  is  thin  and  not  very  productive  in  these  districts. 

Nomenclature  of  Third  Stray  sand.  As  shoum  in  table  1 (p.  7) 
and  mentioned  in  the  foregoing  descrij)tions  of  the  jiools,  various 
names  have  been  applied  to  the  Third  Stray  sand.  In  the  report 
on  the  Tidioute  quadrangle  (1)  this  sand  was  called  the  Third,  but  it 
was  recognized  that  it  was  not  the  Third  sand  of  Oil  Creek. 

In  the  northeast  portion  of  the  Titusville  quadrangle  usage  is  the 
same  as  in  the  Tidioute  quadrangle,  and  the  sand  is  called  the  Third. 
At  Pleasantville  and  south  to  Pithole  the  sand  is  called  the  Black-oil 
sand.  Along  Oil  Creek  and  in  the  southwest  portion  of  the  quad- 
rangle it  is  called  the  Gray  sand.  North  of  Titusville  in  the  Church 
Run  district  it  is  variously  called  the  Gray,  Stray,  and  Second. 

The  early  name  of  “Stray  Third”  has  dropped  out  of  general 
usage,  but  the  sand  was  accurately  described  and  correlated  by  Carll 
(10)  under  this  name  in  1875.  None  of  the  names  used  in  the  quad- 
rangle has  more  than  local  application  except  “Gray,”  which  is  also 
used  in  the  Oil  City  and  Franklin  quadrangles.  This  word  implies 
color,  however,  and  is  not  appropriate.  ►Since  the  term  “Third  Stray” 
is  well  established  in  the  literature  it  has  been  used  to  describe  the 
sand  in  this  report. 


THIKI)  SANI> 

Church  Bun  pool.  The  Church  Run  pool  is  a long  narrow  body  of 
sand  which  extends  northward  from  Titusville.  It  has  been  traced 
into  the  Corry  quadrangle  to  a point  three  miles  east  of  Spartansburg, 
or  thirteen  miles  north  of  Titusville,  making  the  total  length  of  the 
sand  body  nearly  twenty  miles. 

The  Church  Run  pool  proper  is  along  both  sides  of  Church  Run, 
]iorth  of  the  city  of  Titusville,  where  it  is  about  two  miles  wide. 
West  of  a north-south  line  passing  through  the  center  of  the  city 
the  sand  is  very  thin,  fine,  and  shaly,  and  rarely  productive.  A few 
wells,  now  abandoned,  produced  oil  on  Thompson  Run  about  a mile 
above  Hydetown,  but  these  are  the  only  wells  that  have  produced  oil 
from  the  Third  sand  west  of  this  line.  Eastward  the  sand  thickens 
I'apidly,  attaining  50  feet  and  more  within  one-third  mile  from  the 
edge.  It  is  mostly  pebbly  throughout  its  entire  thickness,  some  beds 
being  loose  unconsolidated  conglomerate  with  pebbles  up  to  one  inch. 
In  places,  however,  it  contains  beds  of  sandstone  without  pebbles,  and 
a few  beds  of  shale.  The  permeability  is  very  high,  amounting  to 
2,000-5,000  millidarcies  in  the  loose  conglomerates.  To  the  east  the 
pebbles  disappear  and  the  sand  becomes  thinner,  consisting  of  medium 
to  fine-grained  white  sandstone  with  beds  of  shale  and  sandy  shale. 
Some  sand  beds  are  rather  massive,  and  some  contain  numerous  irregu- 
lar, very  thin  dark  shale  partings.  The  permeability  decreases  to 
between  10  and  50  millidarcies. 
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The  sand  divides  into  two  lobes  about  two  miles  northeast  of  Titus- 
ville. Cores  are  not  available  from  this  region. 

The  pebbly  western  edge  continues  straight  north  from  fitnsville 
for  21/2  miles.  It  then  bears  to  the  northeast  for  fi/o  miles  regaining 
its  northerly  direction  at  Kerr  School.  The  productive  belt  is  less 
than  a mile  wide.  Continuing  to  the  north  the  sand  is  about  30  feet 
thick  near  its  western  edge,  and  is  usually  less  than  a mile  wide. 
A core  from  near  Hummer  School  showed  27  feet  of  sand,  with  a 
pebbly  bed  at  the  top.  The  first  12  feet  consists  of  samlstone  Avith 
numerous  clay  partings  and  fragments.  The  sand  may  be  more  pebbly 
to  the  Avest. 

The  Churdi  Run  imol  Avas  discovered  by  the  Eureka  Avell.  Ac- 
cording to  Card  (21,  p.  (ib),  it  is  located  ndles  northeast  of 
Titusville  in  the  valley  of  Church  Ivun,  and  encountered  70  feet  of 
very  coarse  sand  Avith  pebbles,  from  504  to  574  feet.  It  Avas  drilled 
in  November  1865,  and  at  first  produced  about  52  barrels  per  day. 
Production  dropped  to  744  barrels  per  day  by  May  1868.  The  Avell 
Avas  then  cleaned  out  and  shot,  and  for  some  days  produced  175 
barrels  per  day.  It  had  to  be  shot  every  six  Aveeks  to  keeji  up  the 
production.  Although  not  so  stated  by  Card,  this  Avas  doubtless  to 
melt  and  shake  off  the  paraffin  AAdiich  deposited  on  the  face  of  the  sand. 

At  some  time  after  the  original  drilling,  surface  AAmter  entered  the 
sand  througla  improperly  eased  Avells,  and  flooded  the  Avestern,  ]iebbly 
part  of  the  Church  Run  pool.  It  Avas  abandoned  for  many  years. 
About  1920-22,  attempts  Avere  made  to  pump  the  Avater  off.  The  Avater 
AA'as  quite  fresh  and  filled  the  holes  to  the  sxirfaee  in  the  southern 
part  of  the  pool  and  to  about  300  feet  from  the  surface  in  the  northern 
part  of  the  pool,  klany  months  of  pumping  Avere  required  before 
appreciable  quantities  of  oil  AA-ere  obtained.  Since  then  the  field  has 
been  entirely  nuAAutered  and  has  produced  largely.  Tavo  leases  are 
still  operated  under  Amcnum,  but  the  majority  are  being  operated 
under  air  and  gas  drive. 

The  flood  neA^er  extended  eastAAmrd  into  the  finer-grained  portion  of 
the  saiul.  At  about  the  time  the  pool  Avas  being  nmvatered,  seA^eral 
Avells  Avere  drilled  near  the  eastern  limit  of  the  flood  and  produced 
as  much  as  150  barrels  per  day  for  a short  time.  They  undoubtedly 
encountered  oil  AAdiich  had  been  collected  and  trapped  by  the  advanc- 
ing flood. 

Dotyville  pool.  About  a mile  nortlnvest  of  Dotyville  there,  is  a 
peculiar  isolated  body  of  thick  Third  sand.  It  is  about  1^2  miles 
long  and  1,500  feet  Avide,  embraces  160  acres,  and  lies  1 mile  east  of 
the  edge  of  the  Church  Run  pool.  The  sand  attains  a thickness  of 
80  feet  and  is  reported  to  be  almost  entirely  pebbly.  No  cores  are 
aA'ailable.  The  eastern  edge  of  production  has  been  outlined  by  dry 
holes  and  is  A^ery  irregular,  some  dry  holes  being  completely  sur- 
rounded by  proelucing  Avdls.  The  Third  Stray  is  present  in  this  area 
and  is  reported  in  a feAV  Avell  records.  Over  the  thick  part  of  the  sand 
it  shoAvs  a dome  20  feet  high.  In  two  small  outliers  the  Third  and 
Third  Stray  sands  are  present  but  thin  and  not  very  productiviv 

The  Dotyville  pool  Avas  discovered  by  the  NeAvton  gas  Avell  (26  on 
map),  Avhich  Avas  drilled  in  IMay  1872  and  is  estimated  to  have  pro- 
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(hu-ecl  5,000,000  cubic  feet  per  day  (21,  p.  198).  In  the  fall  of  1875 
the  well  started  to  make  salt  water,  which  interfered  with  the  flow  of 
gas.  It  was  tubed  and  pumped,  and  in  addition  to  Avater  made  a little 
oil.  (Shortly  after  its  completion,  pipe  lines  were  laid  to  TitusAulle, 
and  provided  considerable  quantities  of  gas  for  industrial  and  do- 
mestic consumption  until  about  1876. 

In  recent  years  the  pool  has  been  subjected  to  vacuum  and  in  addi- 
tion to  the  oil  has  produced  considerable  quantities  of  easing-head 
gasoline.  There  apparently  was  a large  amount  of  connate  Avater, 
but  its  original  and  present  location  coifld  not  be  ascertained.  One 
Avell  pumped  nothing  but  salt  Avater  for  six  years,  finally  making 
8 bai’rels  of  oil  per  day. 

Watson  Flats.  Watson  Flats  are  the  flood  plains  of  Oil  and  Pine 
Creeks  east  of  Titusville.  The  third  sand  here  is  continuous  Avith 
the  Church  Run  pool  to  tlie  north  and  the  Octave  pool  to  the  south, 
but  an  area  of  530  acres  is  here  discussed  separately. 

(■ores  shoAv  the  sand  to  be  50  feet  thick  near  its  Avestern  edge  and 
30  feet  thick  at  East  Titusville.  To  the  Avest  the  upper  part  of  the 
sand  is  pebbly,  and  the  middle  and  loAver  parts  medium  to  coarse, 
with  a i^ermeability  of  30  to  50  millidarcies.  Usually  a bed  of  pebbles 
occurs  at  the  base.  To  the  east  the  peblile  beds  occur  only  at  the  top 
and  base,  Avhile  the  sand  in  the  middle  is  fine,  hard,  and  interbedded 
Avith  shale. 

This  district  iiicludes  the  Drake  Avell,  AAdiieh  encountered  oil  in  a 
stray  sand  at  a depth  of  69  feet  in  August  1859.  It  seem  likely  that 
the  Third  sand  Avas  first  penetrated  during  the  summer  of  1860  at 
IMcClintoekville  and  at  Tidioute,  and  the  Third  sand  on  AVatson  Flats 
may  not  have  been  discovered  until  late  1860  or  1861.  The  flats  Avere 
drilled  extensUely  during  1861.  These  early  wells  Avere  abandoned 
Avithout  making  any  effort  to  protect  the  sand  from  surface  AA?ater,  and 
by  1869  fcAv  Avere  still  producing  (21,  p.  69). 

The  district  has  been  redrilled  in  recent  years,  and  in  1940  a modern 
air  drive  program  is  operating  on  a lease  half  a mile  north  of  the 
Drake  Avell. 

Octave  poo/.  From  AAmtson  Plats  the  sand  bears  in  a soAithAA'esterly 
direction  and  becomes  markedly  streaked  and  lobate.  BetAA^een  Zeri-er 
School  and  Boughton  there  are  four  main  thick  streaks,  separated  by 
unproductive  belts.  The  sand  reaches  a maximum  thickness  of  60 
feet  and  is  characteristically  pebbly  in  the  thicker  places.  AA'here 
the  sand  is  thinner  the  middle  part  is  likely  to  be  medium  to  coarse- 
grained, Avith  occasional  shaly  beds,  and  Avith  a permeability  usually 
less  than  100  millidarcies. 

The  easternmost  streak,  betAveen  Boughton  and  Redfield  School,  is 
15  to  20  feet  thick,  and  the  pebbles  are  confined  to  the  top  and  base. 
The  central  part  of  the  sand  is  alternating  sandstone  and  shaly  sand- 
stone AAnth  a permeability  of  less  than  50  millidarcies. 

The  tAvo  easternmost  streaks  pinch  out  to  the  north,  i.  e.,  up-dip, 
and  originally  produced  large  qiiantities  of  gas  half  a mile  south  of 
Fieldmore  Springs. 
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The  Octave  pool  is  productive  over  about  1,860  acres,  and  is  esti- 
mated to  contain  13,165,000  barrels  of  oil,  of  -wbicli  1,937,000  are 
recoverable.  The  thicker  parts  of  the  pool  have  been  operated  mostly 
■with  vaennm,  but  during  receiit  years  an  air  drive  project  has  been 
successful,  in  spite  of  difficulties  oving  to  the  presence  of  certain 
exceedingly  permeable  beds. 

Miller  Farm.  At  IMiller  Farm  an  isolated  thick  body  of  Third  sand 
underlies  about  50  acres.  Xo  cores  are  available,  but  it  is  reported 
that  as  much  as  75  feet  of  bard,  blue,  sbalj'  sandstone  vas  (piite 
productive.  It  may  be  that  the  entire  thickness  of  the  Third  Sand 
formation  has  become  sandy,  or  it  may  be  that  there  is  bei-e  another 
thick  lens  like  the  one  in  the  Dotyville  pool.  It  lies  between  the  Third 
Sand  bodies  of  Octave  ami  Shambnrg,  but  is  apparently  not  con- 
nected to  either. 

CJiernjfree  pool.  South  of  the  Octave  pool  the  Third  sand  continues 
southwest  and  south  to  a i)oint  1 mile  northeast  of  Cherrytree.  The 
body  of  sand  is  only  ik  mile  wide  and  from  30  to  30  feet  thick.  The 
Cherrytree  pool  is  separated  from  the  Octave  pool  by  a space  about 
half  a mile  wide  north  of  Toonerville  where  the  sand  is  hooded  by 
water. 

In  the  Cherrytree  pool  pebbles  are  scattered  in  sandstone  or  shaly 
sandstone  in  the  upper  and  lower  parts  of  the  sand.  The  main  body 
of  the  saiul  consists  of  fine-  to  medium-grained  sandstone  with 
abundant  thin  shaly  partings,  often  very  irregular,  and  with  small 
lumps  and  balls  of  shale.  Certain  beds  are  very  .shaly  and  probably 
unproductive.  The  jiermeability  is  usually  less  than  100  millidareies. 
Kecent  application  of  air  drive  has  been  successful.  The  iiool  con- 
tains 820  acres. 

iShaii}bur<j  pool.  The  Shambnrg  pool  i-onghly  parallels  the  Cctave 
pool,  lying  3Vo  miles  to  the  southeast.  It  is  wider  and  the  sand  is 
thicker  in  the  southern  part. 

South  of  Shambnrg  Corners  there  are  three  streaks  of  sand,  all 
of  them  consisting  of  rather  fine,  hard  sand,  in  places  shaly,  with 
rather  low  permeability.  North  of  Shambnrg  Corners  the  sand  is 
thick  and  soft,  and  contains  numerous  pebbly  beds,  especially  in  the 
upper  part.  The  pebbly  zone  seems  to  have  a northwest-southeast 
trend,  continuing  southeast  almost  to  West  Pithole  ('reek.  A narrow 
belt  of  shaly,  impervious  sand,  striking  NW-SE,  passes  about  half  a 
iiiile  north  of  Shambnrg  Corners,  and  north  of  it  the  pebbles  are  lack- 
ing, and  the  sand  is  much  thinner  and  soft  and  sugary.  A vei’y  sh)W 
water-flood  has  been  encroaching  in  this  area  for  many  years;  its 
approximate  extent  is  shown  by  the  area  on  the  map  marked  as 
abandoned. 

The  Third  sand  belt  extends  about  5 miles  farther  northeast,  and 
passes  west  of  Pleasantville,  the  sand  becoming  thinner  and  narrower. 
It  becomes  cpiite  fine-grained,  hard,  and  less  permeable,  but  is  pro- 
ductive as  far  as  Enterprise.  In  the  neighborhood  of  Pleasantville 
the  sand  contains  some  gas. 
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The  Shaiuburg-  pool  was  discovered  by  the  Shamburg  well  whii  li 
commenced  producing  February  19,  1866.  The  field  was  developed 
slowly,  and  in  1869  was  producing  1,200  to  1,400  barrels  per  day 
(22,  p.  459).  Several  Avells  are  reported  to  have  flowed  400  barrels 
per  day  when  first  brought  in.  The  Jack  Brown  well  on  the  Atkinson 
farm  produced  65,917  barrels  from  December  27,  1867  to  August 
17,  1868,  an  average  of  284  barrels  per  day. 

The  use  of  suction  is  said  to  have  been  attempted  to  stimulate  pro- 
duction in  this  field  very  early  in  its  life.  During  the  1920s  suction 
was  extensively  applied,  and  large  quantities' of  natural  gasoline  were 
manufactured.  In  1940  most  of  the  pool  is  under  air  drive. 

Small  areas  to  the  east  of  the  Shamburg  pool  have  up  to  20  feet 
of  Third  sand,  and  small  quantities  of  oil  are  produced  from  the 
Third  Sand  along  with  oil  from  the  Red  Valley,  Second,  and  Third 
Stray. 

In  the  Shamburg  pool  and  the  outlying  fields  there  are  4,885  acres 
with  an  estimated  total  content  of  25,500,000  barrels  of  oil,  of  which 
about  9,400,000  may  be  recoverable. 

Enterprise.  North  of  Enterprise  the  Third  sand  is  thin  but  has 
been  productive.  Three  small  pools  containing  about  260  acres 
are  in  operation.  The  northernmost,  east  of  Mt.  Hope  School,  pro- 
duces only  gas  from  the  Third  sand.  Between  Enterprise  and  Cheney 
Cemetery  the  Third  sand  becomes  valueless  and  the  Third  Stray  above 
becomes  productive.  The  leases  in  this  district  are  partly  abandoned, 
and  it  was  impossible  to  determine  the  exact  limits  of  each  sand. 

Goodwill  Hill-Grand  Valley.  Throughout  the  Goodwill  Hill-Grand 
Valley  district  the  Third  sand  is  generally  present  as  5 to  20  feet  of 
hard  white  sandstone,  usually  shaly  and  unproductive.  In  some  places 
it  is  productive  of  oil  and  is  called  the  Fourth  Sand.  Near  Selkirk 
it  is  pebbly.  In  the  extreme  northern  part  of  the  quadrangle,  north 
of  Starr,  is  an  irregular  small  pool  of  productive  Third  sand.  It 
was  discovered  about  1880  or  1890,  but  a westward  extension  was 
found  in  1938.  It  contains  about  100  acres  altogether. 

In  the  Goodwill  Hill-Grand  Valley  district  the  Third  sand  has  a 
productive  area  of  about  1,200  acres,  and  is  estimated  to  contain 
2,500,000  barrels  of  oil,  of  which  about  700,000  may  be  recoverable. 

Fioneer-Petr oleum  Center.  Lying  south  of  the  southern  tips  of  the 
Cherrytree  and  Shamburg  pools  are  the  Pioneer  and  Petroleum  Cen- 
ter pools.  The  sand  is  streaked  and  lobate.  The  thick  places  consist 
mostly  of  pebbly  sand.  At  Pioneer,  on  both  sides  of  Oil  Creek,  the 
sand  is  nearly  all  coarse  pebble.  Near  the  margins  the  pebbles  dis- 
appear from  the  lower  and  middle  parts  of  the  sand,  and  the  sand 
is  sugary  with  moderate  to  low  permeability.  The  thick  streaks  bear 
east  to  northeast. 

Just  north  of  Petroleum  Center  there  is  a belt  half  a mile  wide 
where  the  sand  is  about  20  feet  thick  and  is  hard,  shaly,  and  com- 
paratively unproductive.  South  of  it  the  sand  at  Columbia  Farm  is 
again  30  to  50  feet  thick  and  is  characteristically  pebbly.  In  some 
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places  the  pebbles  are  restricted  to  certain  horizons.  The  average 
porosity  ranges  from  11  to  16  percent  and  the  permeability  is  vari- 
able. The  Pioneer  streak  swings  south,  passing  east  of  Kaneville,  and 
appears  to  join  the  Petroleum  Center  streak  at  Columbia  Farm. 

The  first  large  flowing  wells  were  completed  in  the  spring  of  1861 
along  lower  Oil  Creek.  Drilling  was  continued  up  the  .stream,  and 
during  late  1861  and  early  1862  a large  number  of  prolific  wells  were 
drilled  at  Petroleum  Center  and  Pioneer.  Among  these  the  Empire 
well  was  completed  in  September  1861,  Avith  a floAving  production  of 
6,000  barrels  Avhich  completely  broke  the  market.  The  Xoble  Avell 
Avas  drilled  in  Januaiy  1863,  and  floAved  until  February  28,  1865, 
and  is  estimated  to  liaAT  produced  1,000,000  barrels  of  oil.  It  Avas  not 
until  1865  that  it  became  generally  realized  that  oil  is  not  necessarily 
found  only  along  the  Avatercourses,  and  the  prolific  Avells  on  the  hills 
three-quarters  of  a mile  nortliAvest  of  Petroleum  Center  drilled  in 
1865  conclusiATly  proved  that  oil  can  be  found  under  higher  land 
as  AA'ell. 

South  of  Petroleum  Center,  the  Story  Farm,  later  called  Columbia 
Farm,  Avas  drilled  in  1861  to  1865  and  Avas  ATry  productiAT. 

The  Petroleum  Center  pool  Avas  partlj'  flooded  Avith  surface  Avater 
about  1880.  About  1920  it  was  miAA'atered,  and  for  a time  it  Avas 
operated  under  suction,  the  gas,  after  the  gasoline  had  been  removed, 
being  returned  to  the  sand.  Since  about  1931  it  has  been  under  air 
drive,  and  an  intensive  program  has  been  operating  successfully  at 
Columbia  Farm. 
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HISTOKICAIj  sketch 

Any  complete  discussion  of  the  history  of  the  earlj’-  oil  industry 
would  be  out  of  place  in  this  report.  The  reader  is  referred  to  a 
recent  and  authoritative  work  by  Paul  II.  Giddens  covering  the  de- 
velopment of  the  oil  industry  from  the  early  days  to  about  1870.  A 
bibliography  will  be  found  in  that  book  ( 19 ) . The  most  useful  book 
to  a petroleum  engineer  is  “Petrolia”,  by  Andrew  Cone  and  Walter 
R.  Johns  (22),  since  it  gives  an  individual  description  of  each  farm, 
with  data  on  the  number  of  wells,  their  depth,  initial  and  subsequent 
production,  etc.  The  reports  of  the  Second  Geological  Survey  of 
Pennsylvania,  especially  those  by  John  P.  Carll,  laid  the  foundations 
of  petroleum  geology  and  engineering.  The  following  discussion  is 
based  largely  on  the  works  of  Giddens  and  Carll. 

The  early  French  explorers  noted  the  presence  of  oil  in  what  is  now 
western  New  York,  and  the  first  recorded  reference  is  by  the 
Franciscan  missionary,  Joseph  de  la  Roche  d ’Allion,  in  1627.  The 
earliest  reference  to  oil  in  northwestern  Pennsylvania  is  by  David 
Zeisberger,  who  reported  collecting  oil  from  “wells”  in  1768,  while 
camped  along  the  Allegheny  River  at  Tionesta. 

The  early  explorers  and  settlers  found  groups  of  pits,  notably  on 
Oil  Creek  below  Titusville,  but  also  at  other  localities,  where  oil  seeps 
were  known  to  exist.  There  can  be  little  doubt  that  they  were  dug 
for  collecting  oil,  since  they  were  6 to  10  feet  deep  and  cribbed  with 
timber,  but  by  whom  is  a mystery.  The  Seneca  Indians  in  the  region 
in  the  17th  century  knew  nothing  of  the  origin  of  the  pits,  and  it 
is  probable  that  they  were  dug  by  an  earlier  tribe,  possibly  also  of 
Iroquois  stock.  These  pits  may  still  be  seen  along  Oil  Creek  about 
a mile  below  Titusville,  and  along  Hosmer  Run,  west  of  Garland,  Pa. 

The  Senecas  did,  however,  collect  small  quantities  of  oil  for 
medicinal  purposes,  and  the  white  settlers  continued  its  collection  and 
use.  Nathan  Carey  is  reported  to  have  shipped  “Seneca  Oil”  to 
Pittsburgh  in  1790  in  five-gallon  kegs  slung  over  a horse’s  back.  It 
was  used  mostly  as  a medicine,  largely  for  external  application,  but 
was  also  taken  internally.  Its  possibilities  as  an  illuminant  and  lubri- 
cant also  were  early  recognized,  but  lack  of  knowledge  of  how  to  refine 
it,  and  any  suitable  lamp,  deterred  its  general  use  for  these  purposes. 

During  the  1850s,  first  in  England  and  then  in  the  United  States, 
kerosene  or  oil  distilled  from  coal  came  into  general  use  as  an  illumi- 
nating oil.  By  1859  it  is  estimated  that  $4,000,000  was  inve.sted  in 
this  industry  in  the  United  States.  Samuel  Kier,  of  Pittsburgh,  who 
had  been  a principal  marketer  of  petroleum  produced  by  salt  wells 
near  Tarentum,  Pa.,  and  J.  C.  Booth,  a Philadelphia  chemist,  de- 
’'mloped  a method  of  making  kerosene  from  petroleum,  and  also 
devised  an  improved  lamp  about  1850.  A.  C.  Perris  improved  the 
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color  and  odor  of  i)etroleum  kerosene,  and  sold  about  1,180  barrels 
in  New  York  in  1850,  most  of  wliicli  came  from  Tarentum. 

Dr.  Francis  Brewer,  a Titusville  physician  and  graduate  of  Dart- 
month  College,  took  some  specimens  from  the  Titusville  seeps  to 
Dartmouth  for  analysis.  Another  alnmnus,  George  II.  Bissell,  became 
interested  in  the  possibilities  of  the  material,  and  with  Jonathan  G. 
Eveleth,  formed  the  Pennsylvania  Rock  Gil  Company  in  New  York 
on  Dee.  30,  1851.  Attempts  to  sell  stock  were  largely  nnsnccessfnl. 
On  April  6,  1855,  Professor  Benjamin  Sillinian,  the  noted  chemist 
and  mineralogist  of  Yale  University,  submitted  a complete  analysis 
and  glowing  report  on  the  possible  uses  of  petroleum,  especially  as  an 
illinninant.  There  seemed  to  be  a better  chance  to  sell  stock  if  the 
company  were  incorporated  in  Connecticut,  and  most  of  the  promoters 
were  residents  of  New  Haven,  so  a new  Pennsylvania  Rock  ( )il  Com- 
pany was  organized  in  that  city.  The  stock  sold  rapidly,  but  dis- 
agreements and  other  difficulties  developed.  James  M.  Townsend,  a 
New  Haven  banker  and  then  president  of  the  company,  sent  Edwin  L. 
Drake,  a friend  of  his  who  was  a railroad  conductor,  to  examine  the 
properties  the  company  had  leased  at  Titusville,  in  1857.  Drake  also 
visited  the  salt  wells  at  Tarentum,  and  returned  to  New  Haven  fired 
with  enthnsia.sm  and  convinced  that  oil  could  best  be  secured  b.y 
drilling.  Tlie  company  was  reorganized  on  March  23,  1858,  as  The 
Seneca  Oil  Company,  with  a capitalization  of  $300,000. 

Drake  came  to  Titusville  in  iMay  1858.  He  proceeded  to  collect  oil 
from  the  springs  and  attempted  to  dig  a well.  This  not  proving 
promising,  he  purchased  a boiler,  engines,  and  lumber  for  a derrick, 
but  had  difficulty  in  securing  a driller.  He  finally  hired  William  A. 
Smith  of  Salina,  a blacksmith  who  had  made  tools  for  the  Tarentum 
salt  Avells,  and  who  started  work  in  May  1859.  Having  tried  un- 
successfully to  dig  and  crib  a hole  to  bed  rock,  they  drove  32  feet 
of  cast  iron  pipe  and  began  to  drill.  On  Saturday,  Aiigust  27,  at 
a depth  of  6914  feet,  work  was  suspended,  and  on  Sunday  afternoon, 
the  driller  noted  that  oil  had  risen  into  the  well  to  within  a few  feet 
from  the  surface.  The  well  produced  about  10  barrels  a day.  Imter 
when  the  well  was  tubed  and  pumped  from  the  bottom  it  produced 
about  25  barrels  a day. 

This  discovery  of  oil  in  larger  quantities  than  had  ever  been  secured 
before  caused  immediate  excitement.  Land  all  the  way  down  Oil 
Creek  and  even  up  the  Allegheny  River  was  quickly  leased.  The 
second  well  was  drilled  by  William  Barnsdall  and  Boone  Meade  of 
Titusville,  a short  distance  north  of  the  Drake  well,  and  it  flowed 
10  barrels  a day  at  122  feet,  probably  from  tlie  First  sand.  Brewer, 
Watson  and  Company  completed  a well  on  the  McClintock  farm  near 
Rouseville  in  November  1859. 

By  the  summer  of  1860  a boom  was  Avell  under  way,  and  by  the 
end  of  the  year  74  producing  wells  had  been  drilled  along  Oil  Creek 
and  the  Allegheny  River  from  Tidioute  to  Franklin. 

In  April  1861,  a Avell  on  the  Buchanan  farm  at  Rouseville  came  in, 
flowing  3,000  barrels  per  day.  It  caiight  fire  and  nineteen  i)ersons  were 
fatally  burned.  Numerous  other  flowing  wells  were  brought  in  dur- 
ing 1861  and  1862. 
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During  the  early  1870s  and  1880s  the  attention  of  the  operators  was 
fliverted  to  the  new,  flush  fields  of  the  eastern  district,  especially  Brad- 
ford, and  there  was  little  development  work  in  the  Titusville  district. 
Surface  water  flooded  several  pools,  notably  Petrolenni  Center,  Church 
Bun,  and  Pleasantville. 

About  1890  there  was  renewed  drilling  in  some  fields.  From  1918 
to  1925  the  high  price  of  oil  caused  renewed  development,  and  vacuum 
and  natural  gasoline  plants  were  installed  on  many  leases.  The 
pebbly  sands  in  particular  yielded  large  quantities  of  natural  gasoline. 

About  1920  the  method  of  injecting  air  or  gas  became  common,  and 
especially  from  1930  to  1940  there  was  a good  deal  of  development 
work  by  air  drive. 

EAKI.Y  DKILLING  TECHNIQUE 

The  first  Avell  drilled  in  the  United  States  with  anything  approach- 
ing modern  technique  Avas  put  doAvn  for  salt  Avater  by  the  Ruffner 
Brothers  in  1808  on  the  Great  KanaAA'ha  River  in  West  Virginia. 
The  tools  and  method  of  drilling  were  developed  in  that  district 
during  the  first  quarter  of  the  19th  century,  and  it  was  reported  that 
salt  wells  along  the  Little  Muskingum  River  Avere  commonly  drilled 
to  depths  of  400  and  500  feet  in  1826. 

In  1861  oil  Avells  were  usually  started  with  a Avooden  conductor 
pipe  to  keep  out  of  the  loose  soil,  or  cast  iron  drive  pipe  where  there 
was  deep  clay  or  gravel.  A 4-inch  hole  Avas  drilled  through  the  solid 
rock,  Avhich  stayed  full  of  Avater  from  the  surface  and  upper  sands. 
AVhen  the  oil  horizon  was  penetrated,  tubing  Avas  set  in  the  Avell  to 
the  bottom,  with  the  Avorking  barrel  of  the  pump  attached  to  its  loAver 
end.  At  a point  beloAV  the  source  of  the  water,  a seed-bag  packer  Avas 
placed.  This  was  a leather  sleeve  on  the  outside  of  the  tubing,  tied 
at  both  ends.  Flax  seed  was  stuffed  betAveen  the  leather  and  the 
pipe  so  that  when  the  tubing  was  run  into  the  well  the  Avater  would 
cause  the  seed  to  SAvell  and  engage  the  wall  of  the  hole.  The  re- 
mainder of  the  pump  assembly  Avas  attached  to  Avooden  sucker  rods 
and  run  inside  the  tubing.  After  alloAving  time  for  the  flax  seed  to 
swell,  the  Avater  in  the  hole  Avas  pumped  out,  and  if  the  Avell  AA'as  a 
producer,  oil  commenced  to  flow  into  the  hole.  The  seed  bag  kept 
the  surface  Avater  out. 

By  this  method,  it  Avas  not  pos.sible  to  remove  the  tubing  Avithout 
letting  water  into  the  well.  By  1868  heavier  machinery  was  in  com- 
mon use,  and  it  was  customary  to  drill  a 5V2-Lich  hole.  Casing  of 
3V4  inches  inside  diameter  was  run,  and  the  seed-bag  packer  placed 
at  the  loAA^er  end  of  this  casing.  It  Avas  then  possible  to  AAuthdraAv 
tlie  2%-ineh  outside  diameter  tubing  Avithont  disturbing  the  packer. 

Both  these  methods  Avere  called  “Avet  hole”  drilling,  since  the  hole 
Avas  full  of  Avater  until  tubing  Avas  run  and  the  Avell  pumped.  Con- 
sequently, oil  shoAvs  AATre  I’arely  encountered  AA'hile  drilling.  About 
1875  it  became  customary  to  use  8-inch  drive  pipe,  and  to  carry  an 
8-inch  hole  beloAv  the  water-bearing  strata.  The  size  of  the  hole  AA'as 
then  reduced  to  5^)  inches,  and  5%-ineh  casing  Avas  set  on  the  shoulder 
thus  made.  This  resulted  in  an  eff'ectiAV  Avater  shnt-off,  and  is  the 
method  still  in  use. 
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Until  about  19UU  all  wells  were  drilled  bj'  steam  power  with  a 
standard  cable-tool  rig,  inelnding  a 60-  or  8U-t“oot  Avooden  derrick. 

Colonel  E.  A.  Koberts  invented  the  oil-well  torpedo  and  applied  for 
a patent  in  1864.  In  January  1865,  its  first  test  in  a well  on  CYatson 
Flats  was  highly  sueee.ssfnl,  but  most  operators  were  fearful  of  ruin- 
ing their  wells,  and  it  was  not  until  January  1867,  Avhen  a dry  hole 
was  transformed  to  a good  producer  by  shooting,  that  the  method 
came  into  general  use. 

PKESEXT  J)KlEl.lN(i  .\M)  ri'.AiriXti  TECHNKHE 

At  the  present  time,  nearly  all  wells  are  drilled  Avith  a senn-portable 
machine  of  the  Star  or  Keystone  type,  using  a gasoline  engine  as 
the  prime  moA^er.  Up  to  40  feet  of  AA’Ooden  conductor  is  set  at  the 
suface,  or  in  glacial-tilled  valleys  as  much  as  300  feet  of  driA'e  pipe 
is  used.  Surface  easing,  6V4  inches  in  diameter,  is  usually  set  beloAV 
the  Corry  sandstone  at  an  aA'erage  depth  of  250  feet.  In  some  areas 
it  is  necessary  to  case  beloAV  the  First  sand.  A 6-inch  hole  is  drilled 
20  to  40  feet  beloAV  the  base  of  the  loAvest  producing  sand.  The  Avell 
is  shot  Avith  tAvo  to  four  quarts  of  nitroglycerine  per  foot  tamped  Avith 
Avater.  After  cleaning  out  the  debris  from  the  shot,  2-inch  tubing 
is  run  and  the  Avorking  barrel  is  usually  set  beloAV  the  producing  sand. 
Wooden  sucker  rods  20-25  feet  long  and  about  an  inch  in  diameter, 
with  Avrought  iron  cou]dings,  Avere  formerly  used,  but  standard  iron 
rods  are  mostly  used  at  present.  Liner  is  A^ery  seldom  used,  and  the 
holes  stand  open  from  the  casing  shoe  doAvn. 

Formerlj”  much  troidjlc  Avas  experienced  Avith  paraffin  collecting 
on  the  AAmlls  of  the  hole  and  in  the  tubing,  but  the  production  per  Avell 
is  noAV  so  loAV  that  it  is  not  a problem.  In  certain  districts  calcium 
carbonate  (usually  and  ei'roneously  called  “gypsum”)  is  deposited 
on  the  face  of  the  sand.  This  Avas  particularly  troublesome  AA’hen 
suction  Avas  in  general  use,  since  the  Avater  released  carbon-dioxide 
on  reaching  the  hole,  and  its  calcium  content  changed  from  the  soluble 
bicarbonate  to  the  insoluble  carbonate.  With  the  use  of  compressed  air 
driA'e  this  trouble  has  disappeared,  since  air  oxidizes  the  oil  to  such  an 
extent  that  it  contains  large  qnantities  of  carbon  dioxide  Avhich  dis- 
solves in  the  AA-ater  and  retains  the  calcium  in  solution. 

Pumping  is  usually  by  means  of  central  poAA’er  operated  by  a gas 
engine  burning  the  gas  produced  Avith  the  oil.  The  gas  is  collected 
by  gathering  lines  attached  to  the  casing  head.  Most  of  the  poAvers 
are  of  the  geared  type  Avith  one  or  tAvo  eccentrics.  The  usual  types 
of  shackle  or  rod  lines  are  used  to  connect  the  Avells  to  the  poAver. 
The  pump  jacks  are  usually  home-made,  of  the  (Iklahoma  pattern, 
and  are  set  on  Avooden  sills.  IMost  leases  are  pumped  Iavo  or  three 
times  a Aveek. 


X.VTl  K.VE  PKOKK  riOX 

Complete  figures  are  not  available  for  the  original  flush  production 
of  any  of  the  leases  in  the  Tit\4sville  quadrangle.  The  in,i/tial  prodtic- 
tion  of  some  of  the  districts  has  been  giA^en  in  a preAuous  section. 

JT-oduetion  figures  are  available  for  certain  leases  from  about  1900 
on.  XeAv  AA'ells  in  only  slightly  developed  territory  had  initial  pi'o- 
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cluetions  of  10  to  50  barrels  per  day,  and  averag’ed  as  miicdi  as  one 
barrel  per  day  for  a year  or  more.  At  the  i^resent  time,  most  old 
wells  not  under  secondary  recovery  produce  less  than  one-quarter 
barrel  per  day,  and  the  average  is  probably  less  than  one-tenth  barrel 
per  day. 

VAC  l I M 

From  1918  to  1925,  Avhen  the  use  of  suction  was  prevalent,  four  to 
ten  gallons  of  gasoline  were  recovered  per  thousand  cubic  feet  of  gas 
by  the  compression  process.  Oil  production  Avas  stimulated  only 
slightly  by  Amcuum,  and  for  a comparatively  short  time.  Suction  re- 
moved most  of  the  remaining  gas  in  the  oil  sands,  and  by  removing 
the  lighter  hydrocarbons,  decreased  the  A.  P.  I.  gravity  and  increased 
the  viscosity  of  the  oil,  so  that  it  undoubtedly  left  the  oil  nnore  dif- 
ficult to  recover.  On  the  other  hand,  prices  for  natural  gasoline  Avere 
as  high  as  20  cents  per  gallon,  and  the  profit  from  its  manufacture 
may  have  been  siifficient  to  offset  the  probable  loss  in  ultimate  re- 
eoA-ery  of  oil. 


AA  VTEK  I'l.OODlXO 

The  remarkable  success  in  increasing  the  recoA^ery  of  oil  in  the 
Bradford  district  by  artificial  flooding  AAdth  Avater  led  to  many 
attempts  to  employ  the  method  in  the  Titusville  district.  During  the 
early  accidental  A\mter  floods,  sharp  increases  in  production  AA^ere 
noted  before  the  Avater  entered  the  Avells  (9,  p.  269).  HoAvever,  no 
case  Avhere  Avater  Avas  artificially  introduced  resulted  in  any  increase 
in  oil  production.  Some  attempts  Avere  made  by  the  haphazard 
method  of  permitting  surface  Avater  to  enter,  but  at  least  three  em- 
ployed the  best  technique  in  use  at  Bradford : a five-spot  pattern  Avas 
used,  the  sand  Avas  cored,  packers  properly  set,  and  pressure  applied 
at  the  surface.  In  most  cases  the  producing  aa^cIIs  simply  increased 
their  production  of  water  Avith  no  increase  in  oil. 

The  reasons  for  the  total  failure  of  Avater-flooding  attempts  in  this 
district  are  not  clear.  Tavo  explanations  have  been  advanced.  In 
the  first  place,  the  Venango  sands  sIioav  greater  Amriations  in  per- 
meability than  the  Bradford  sands.  The  Avater  passes  only  through 
the  more  permeable  beds,  Avhich  are  already  more  nearly  emptied 
of  their  oil  than  the  other  beds.  In  the  second  place,  the  oil  content 
of  the  sand  is  about  30  percent  and  the  connate  Avater  content  about 
40  percent  of  the  pore  space.  It  may  Avell  be  that  the  introduction 
of  AA'ater  into  a sand  Avith  this  oil-AAmter  ratio  aauII  result  in  the  move- 
ment of  AA^ater  only  127). 


.AIK  AM)  (.AS  DKIAE 

Since  about  1920  secondary  recovery  by  air  or  gas  drive,  usually 
called  repressuring,  has  become  common  practice  throughout  most  of 
the  Titusville  quadrangle.  In  most  districts,  considerable  increases 
in  recovery  haA^e  been  obtained  by  this  method. 

The  first  recorded  attempts  to  repressure  oil  sands  Avere  made  by 
Mark  B.  Mitchell  at  Franklin,  Pa.,  in  the  early  years  of  the  present 
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ceiitluy.  A i)ateiit  on  the  method  was  applied  foe  August  4,  tlJUd, 
and  granted  July  10,  1906  (U.  8.  Patent  825,745).  Tlie  method 
was  tirst  used  on  a commercial  scale  by  1.  L.  Dunn  near  Chester  Hill, 
Ohio,  in  1911.  Pights  for  the  use  of  the  process  were  acquired  hv  the 
P.ruudred  Oil  Company,  of  Oil  City,  Pa.,  in  1914.  The  pateuts\vere 
later  declared  invalid. 

The  method  Avas  first  successful  in  Peuusylvauia  on  a property  at 
Hamilton  Corners,  near  Oil  Citj"  (17,  2.4)  in  1916,  and  since  then  it 
has  been  in  continuous  application  there.  The  oil  production  of  this 
property  is  shoAvn  in  Figure  8.  The  method  did  not  become  Avide- 
spread  in  the  district  until  about  1927. 

At  present  the  common  practice  is  to  introduce  air  into  specially 
drilled  air-intake  Avells.  These  Avells  are  cored  in  the  sand,  and  the 
samples  analyzed  for  permeability,  porosity,  oil  and  Avater  content. 
If,  as  is  usually  the  ease,  the  permeabilitj'  sIioaa's  Avide  Auiriations,  the 
.sand  is  segregated  into  tAvo  to  Aa'c  parts,  and  packers  are  set  so  that 
the  air  can  be  injected  into  the  different  sand  sections  under  dift'ereid 
pressures.  A manifold  AA'ith  separate  orifice-meter  connections  is  in- 
stalled at  the  Avell  heads,  and  gauge  vaHes  adjusted  so  that  about 
1,000  cubic  feet  of  air  Avill  be  injected  per  day  per  vertical  foot  of 
sand.  Pressures  necessary  to  inject  this  qiiantity  of  air  range  from 
50  to  400  pounds  ]Aer  square  inch.  There  is  occasionally  a “break- 
doAvn  pressure”,  or  critical  pressure,  beloAV  AAdiieh  little  or  no  air  enters 
the  sand,  and  aboA’e  AA’liich  the  A’olnme  of  air  entering  is  a dii’ect  func- 
tion of  the  pressui-e. 

In  general,  pressure  Avells  are  located  AAnth  respect  to  old  oil  AA'ells 
so  that  as  symmetrical  Avell-spacing  pattern  as  possible  Avill  be  obtained. 
This  results,  at  best,  in  irregular  patterns  and  AAude  A'ariations  in 
spacing.  More  recent  intensiA'e  deAxlopment  programs  liaA’e  been 
based  on  uniform  ”seven-s]a)t”  patterns,  both  ucav  intake  and  out- 
put AA^ells  being  drilled  Avith  spaeings  of  150  to  250  feet  (0.67  to  1.85 
acres  per  oil  AA-ell  and  1.35  to  3.70  acres  per  air  Avell). 

Compressor  plants  range  from  small  makeshift  outfits  to  large  tAvo- 
stage  compressors  Avith  capacity  up  to  1,000,000  cubic  feet  per  day 
at  pressures  up  to  400  pounds  per  sciuare  inch. 

The  mixture  of  air  and  gas  collected  from  the  casing  heads  is  used 
for  fuel,  and  the  surplus  is  returned  to  the  sand.  In  order  to  avoid 
mixing  the  surjAlus  AAnth  compressed  air  it  is  AAsually  handled  mdy 
during  certain  hours,  or  by  a separate  eomiire.ssor.  On  some  leases 
the  gas  from  the  Avells  is  50  to  75  percent  combustible;  on  others  it 
is  almost  pure  air. 

A recent  stmty  (24)  indicates  that  by  the  air-driA'e  method  from 
10  to  more  than  100  barrels  of  oil  per  acre-foot  can  be  recoA-ered. 
Most  of  this  oil  Avoidd  liaAm  been  unrecoverable  by  natural  production, 
since  the  rate  of  entry  of  the  oil  into  the  Avells  Avould  be  so  sIoaa'  that 
it  Avould  not  pay  to  operate  them. 

This  oil  Avill  probably  be  recoA'ered  in  from  10  to  40  years,  but 
one-half  of  it  Avill  be  recovered  during  the  first  third  of  the  operating 
period.  The  speed  of  recoAxry,  doubtless,  depends  on  the  spacing  of 
the  AA’ells,  but  Avith  the  data  available,  no  relation  could  be  AA’orked  out. 
Onring  the  life,  to  date,  of  a number  of  repressuring  projecds,  the 
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ratio  of  air  injected  to  oil  recovered  ranges  between  6 and  22  thou- 
sand cubic  feet  per  barrel  of  oil  produced. 

Oil  recovery  from  typical  leases.  Production-decline  curves  of  six 
leases  in  the  Titusville  quadrange,  shown  in  figures  5 to  10,  illustrate 
the  increased  recovery  obtained  by  the  air-  and  gas-drive  method. 

The  average  j^early  jjroduction,  expressed  as  barrels  per  Avell  per 
month  for  Lease  VII,  is  shown  in  Figure  5.  This  lease  has  an  area 
of  133  acres,  and  from  1929  on  had  62  oil  wells  and  13  input  wells. 
Air  and  mixed  aii‘-gas  is  injected  into  a total  of  about  35  feet  of 
sand  (Second  and  Third).  The  average  oil  content  of  the  sand  was 
275  barrels  per  acre-foot. 


From  1898  to  1925  this  lease  produced  about  150,000  barrels  of  oil, 
or  about  1,128  barrels  per  acre.  In  1926  air  repressuring  was  begun, 
and  from  1926  to  1939  it  produced  114,200  barrels,  or  an  additional 
859  barrels  per  acre.  During  that  time  1,254,505,000  cubic  feet  of 
air  were  injected  at  about  310  pounds  pressure,  so  that  about  11,000 
cubic  feet  were  injected  per  barrel  of  oil  recovery.  If  the  produc- 
tion-decline curve  since  1926  is  extended  into  the  future,  and  no  new 
Avells  are  drilled,  the  oil  wells  will  be  producing  less  than  three  barrels 
per  month  each  in  1968.  By  that  time  the  lease  will  have  produced 
an  additional  92,000  barrels,  so  that  with  the  present  well  spacing 
of  2.14  acres  per  oil  well  and  10.2  acres  per  air  well  (whose  geometric 
average  is  4.66)  the  lease  will  have  recovered,  by  means  of  air  drive, 
206,200  barrels  of  oil,  or  44  barrels  per  acre-foot. 

Lease  III  (Fig.  6)  is  in  considerably  poorer  territory.  Ten  new 
wells  were  drilled  in  1904,  and  production  that  year  reached  as  much 
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Figure  6.  Production-decline  curve.  Lease  III 
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as  70  barrels  per  ■well  per  moiitli.  It  declined  rapidly,  and  by  1907 
the  wells  were  producing  about  12  barrels  per  well  per  month.  The 
production  from  1905  to  1919  follows  almost  exactly  the  graph  of 
the  equation. 

^ 83a:-i-3i2 

Vacuum  was  installed  in  1919.  Production  Avas  increased  slightly, 
but  by  1921  had  fallen  below  Avhat  it  should  have  been  according  to 
the  equation. 

Two  new  pressure  Avells  and  one  new  oil  Avell  were  driven  betAveen 
1928  and  1930,  Avhich  materially  increased  the  production.  It  fell, 
liOAvever,  to  about  3 barrels  per  Avell  per  month  by  1934.  During  thiis 


Lease  iXT 


Figure  7.  Production-decline  curve,  Lease  XI 


period  the  lease  produced  about  (i,000  barrels  of  oil.  It  had  an  area 
of  35  acres  with  3 air  aa’cIIs  and  17  oil  aa'cIIs.  The  sand  is  20  feet 
thick  and  has  an  estimated  oil  content  of  210  barrels  per  acre-foot. 
NeAV  Avells  Avere  drilled  in  1935  and  1937  AA’hieli  offset  the  decline  in 
production. 

On  lease  XI  (Pig.  7)  there  AA-ere  Iaa-o  periods  of  development.  In 
1925  and  192(1,  20  acres  Avere  placed  under  air  drh'e,  and  the  deA^elop- 
ment  Avas  extended  to  coA^er  50  acres  in  1929  and  1930.  Both  decline 
curves,  Avhich  are  plotted  logarithmically  in  the  upper  part  of  the 
figure,  indicate  that  the  cumulatiA’e  ultimate  recoA^eiy  aaIII  be  about 
1,500  barrels  per  acre  from  about  20  feet  of  sand. 

Lease  V is  the  property  at  Hamilton  Corners  on  AAdiich  air  Avas 
first  applied  in  Pennsylvania.  No  ncAV  development  Avas  done  be- 
tAA^een  1926  and  1939.  During  that  time  the  production  declined 


OIL  KECOVEKV  BY  AIK  AAI)  GAS  DKiNE 


49 


logarithmically,  except  for  a period  from  1932  to  1924  when  the  air 
input  was  not  kept  up  to  normal.  The  well  spacing  on  this  lease  was 
wide  and  irregular. 

Lease  VI 11  is  a property  of  61  acres  underlain  by  24  feet  of  Second 
sand,  with  an  estimated  oil  content  of  325  barrels  per  acre-foot.  Air 
and  gas  pressiire  was  applied  experimental!}^  in  1926  and  1927,  and 
applied  over  the  lease  in  1929  and  1930.  There  Avere  32  oil  aa'cHs  and 
10  air  wells  (one  of  which  Avas  on  the  boundary)  from  1930  to  1935. 
The  poduction  declined  rather  rapidly,  and  about  49,000  barrels 
Avere  protluced  from  1928  through  1939.  It  is  estimated  that  27,000 
barrels  more  Avill  be  produced  before  1951.  Some  of  this  oil  Avas 
produced  by  Avells  outside  the  area  affected  by  air,  and  it  is  estimated 
that  the  cumulatAe  idtimate  reeoA^ery  due  to  air  drive  Avill  not  exceed 


Figure  8.  Produetioii-flecline  curve.  Lease  V 


1,100  barrels  per  acre.  The  Avells  are  Avidely  spaced  and  not  laid  out 
iu  a regular  pattern.  If  they  had  been  closely  and  properly  spaced 
it  is  likely  that  much  more  oil  Avoidd  have  been  recovered  in  a shorter 
period  of  time. 

Several  leases  in  the  district  have  been  develojied  by  si)acing  Avells 
closely  on  a regular  “seven-spot”  pattern.  In  a pattern  of  this  tj^-p'e 
the  oil  Avells  are  located  at  the  corners  of  hexagons,  and  air  Avells  at 
their  centers.  In  a complete  pattern  of  this  type  there  are  tAvice  as 
many  oil  Avells  as  air  Avells.  Each  air  Avell  drives  tOAAmrds  six  oil  Avells, 
and  each  oil  Avell  receAes  air  from  three  air  Avells.  Spacings  range 
from  150  to  300  feet.  It  seems  likely  that  these  developments  will 
recover  considerably  more  oil  in  less  time  than  the  older  haphazard 
method  of  drilling  a feAV  air  Avells  betAveen  old  oil  Avells.  It  aauas  im- 
possible to  estimate  accurately  the  cumulatAe  ultimate  recoA'cry  of 
any  of  these  properties,  since  dcA^elopment  Avork  has  continued  irregu- 
larly on  all  of  them,  and  their  production  is  still  increasing. 
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Figure  9.  Production-decline  curve,  Lease  VIII 
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An  example  of  tins  type  of  development  is  Lease  XIII,  Avhose  pro- 
duction curve  is  shown  in  Fijimre  10,  and  development  map  in  Figni’e 
n.  The  lease  is  nnderlain  by  Second  and  Third  sands,  Avhich  aggre- 
gate 30  to  60  feet  in  thickness.  The  Second  sand  is  missing  in  ])arts 
of  the  lease,  and  is  relatively  impermeable  elsewhere,  so  that  most  of 
the  prodnetion  has  come  from  the  Third  sand.  The  pattern  is  a seven- 
spot  slightly  modified  to  fit  lease  conditions.  AVell-to-well  sinicing 
ranges  from  250  to  300  feet.  All  air  wells  are  cored,  and  have  from 
two  to  six  packers,  so  that  air  is  injected  at  different  pressures  into 
as  maiiy  as  five  different  .parts  of  the  sands.  The  air  iipnit  has  bemi 
axpiroximately  1,000  cubic, feet  per  day  per  vertical  foot  of  Third  sand, 
bnt  the  Second  sand  has  taken  only  .small  amounts  of  air  at  the  pres- 
sures available. 
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Figure  10.  Profliiction-decliiie  curve.  Lease  XIII 


The  original  development  was  started  in  1930  and  consisted  of  three 
old  wells  drilled  in  1924,  to  which  were  added  three  new  wells,  form- 
ing a hexagon,  and  a new  air  well  was  drilled  at  its  center.  This 
group  was  operated  experimentally  until  1933.  The  decline  in  pro- 
duction may  be  plotted  as  a straight  line  on  logarithmic  paper,  bnt 
cannot  be  used  to  estimate  future  recoveries  from  the  lease,  since  each 
oil  Avell  is  acted  on  by  only  one  air  well  instead  of  three,  as  in  a com- 
plete pattern.  The  air  Avells  drilled  to  the  south  and  north  of  this 
original  group  in  1936  and  1939  increased  the  production  of  the  old 
wells  about  700  percent. 

During  1933  and  1934,  18  oil  wells  and  3 air  Avells  Avere  drilled 
increasing  the  dcA^eloped  area  to  33  acres.  Although  10  of  these  Avells 
Avere  drilled  betAveen  April  1933  and  June  1934,  considerable  increase 
in  prodnetion  did  not  occur  until  XoA'ember  1934.  Similarly  a period 
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of  di'illing  during  1986  did  not  increase  production  until  April  1937. 
The  lag  bet-weeii  drilling  and  increased  production  thus  appears  to  be 
fi-Min  8 to  12  months. 

The  production  declined  fom  August  1937  to  late  1939,  and  this 
decline  would  have  been  steeper  but  for  the  effect  of  wells  drilled 


early  in  1937.  Wells  drilled  in  late  1939  and  early  1940  caused  an 
increase  which  Avas  still  continuing  in  December  1940. 

The  total  area  drilled  to  October  1940  is  67  acres,  and  the  cumula- 
tive oil  production  is  78,000  barrels.  Had  the  entire  area  been  de- 
veloped during  1930  and  1931  the  total  production  to  date  would 
have  been  far  greater.  Although  there  is  no  Avay  of  making  an 
accurate  estimate,  it  appears  certain  that  the  oil  produced  from  the 
67  acres  will  be  not  less  than  135,000  barrels  by  1950,  a recovery  of 
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2,000  bai-rel.s  per  acre.  Accurate  cost  data  ou  this  lease  are  not  avail- 
able, but  there  is  no  doubt  that  this  operation  vas  profitable  at  the 
price  of  oil  prevailing  between  1930  and  1940. 

Production  and  operating  data  for  12  leases  for  which  it  was  pos- 
sible to  estimate  the  idtimate  recovery  are  shown  in  Table  4,  which 
is  taken  from  a previously  published  paper  (24).  The  method  of 
estimating  the  ultimate  recoA’'ery  is  more  fully  described  in  that  article. 
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TABL-: 

Production  and  operating  data  from  12  leases  under 


I 

II 

III 

IV 

V' 

Ac'ree  in  lease  affected  by  air  . 

76 

60 

35 

40 

260 

Oils  Avells  affected  by  air  .... 

26 

20 

17 

16 

76 

Effective  air  wells  (line  wells 
count  one-half)  

7 

8 

3 

3 Vi 

18 

Acres  affected  by  air  divided 
by  number  of  oil  wells  .... 

2.9 

3.0 

2.2 

2.5 

3.4 

Acres  affected  by  air  divided  by 
number  of  effective  air  wells. 

10.8 

7.5 

11.6 

11.5 

14.5 

Name  of  sand  

Third 

Second 

Third 

First 

First 

Thickness  of  sand  (feet)  .... 

20 

35 

Stray 

20 

and 

Second 

30 

20 

Average  porosity  of  sand  (per 
cent)  

12 

13 

12 

22 

Average  oil  saturation  of  sand 
(percent  pore  space  occupied 
by  oil)  

24 

20 

23 

Average  oil  content  of  sand 
(barrels  per  acre-foot)  .... 

230 

210 

225 

300 

330 

Year  air  drive  was  initiated  . . 

1936 

1928 

1929 

1930 

1915 

Cumulative  oil  recovery  with 
air  drive  from  that  year  until 
December  31,  1939  (barrels)  . 

11,500 

12,571 

6,001  a 

27,978 

146,164 

Estimated  future  oil  produc- 
tion, January  1,  1940,  to  eco- 
nomic limit  (barrels)  

6,800 

11,800 

2,750  b 

42,000 

52,000 

Expected  date  of  economic 
limit  

1944 

1954 

1938 

1965 

1954 

Niimber  of  oil  wells  contribut- 
ing but  unaffected  by  air  . . 

5 

18  , 

. . . 

Estimated  production  of  oil 
wells  contributing  but  unaf- 
fected by  air,  from  date  of 
initiation  of  air  drive  to  eco- 
nomic limit  (barrels)  

1,300 

37,000 

Estimated  cumulative  ultimate 
oil  recovery  with  air,  from 
date  air  drive  was  initiated 
to  economic  limit  (barrels). 

17,000 

■24,400 

8,750 

33,000 

198,000 
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4. 

air  drive  slioiciug  iiniiiternipied  decline  curves. 


VI 

VII 

VIII 

IX 

X 

XIog 

Xlg 

XII  Average 

45 

133 

61 

61 

16 

50 

24 

37 

23 

62 

30 

34 

12 

33 

20 

27 

61; 

13 

9% 

8 

3 

12 

i 

8 

1.95 

2.14 

2.03 

1.8 

1.3 

1 .5 

1.2 

1.37 

2.1 

7.0 

10.2 

6.4 

7.6 

5.4 

4.1 

3.4 

4.6 

8.0 

First  Second 

and  and 

Second  Third 

Second 

Third 

Third 

Stray 

Second 

and 

Third 

Stray 

Second 

and 

Third 

Stray 

First 

20 

35 

24 

37 

40 

20 

20 

22 

(Esti- 

mated) 

13 

16 

13 

15 

15 

15 

17 

14.8 

16 

23 

26 

26 

25 

22.8 

300 

275 

325 

275 

300 

300 

300 

360 

2S7 

(Esti- 

mated) 

1926 

1926 

1928 

1930 

1933 

1926 

1926 

1935 

25,600  114,200 

48,882 

53,046 

19,900 

25,260  e 

7.400  c 

44,300 

7,000 

92,000 

26,900 

58,000 

25,300 

50.000  £ 

32.000  <1 

36,000 

1943 

1967 

1951 

1969 

.1955 

1966 

1955 

1954 

8 

15 

6 

3,000  . . . 7,800  . . . 3,000 


30,000  206.200 


68,000 


111,000  41.100  75,260  39,400  80.300 
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TABLE  4 

Prod iKiioii  Olid  operating  data  from  12  leases  under 


18.  Estimated  cumulative  ultimate 
oil  recovery  (bbls.  per  acre). 

220 

407 

250 

825 

760 

10.  Estimated  cumulative  ultimate 
oil  recovery  (libls.  per  acre- 
foot)  

11 

11.5 

12.5 

27.5 

38 

20.  Average  daily  air  input — date 
of  initiation  through  1<)3') 
(thousands  of  cubic  feet)  . . . 

65 

120 

21.  Estimated  air  input  ])er  barrel 
recovery — date  of  initiation 
to  December  31,  1939  (thou- 
sands of  cubic  feet  xier  bbl.). 

21.9 

15.6 

22.  Time  from  initiation  of  air 
drive  until  production  is  less 
than  3 bbl.  ])er  month  per 

vs’ell  

(economic  limit)  (years)  ... 

9 

27 

10 

36 

40 

23.  Time  from  initiation  of  air 
drive  until  Vs  fhe  ultimate 
recovery  is  obtained  (years). 

2% 

11 

3 

15 

11 

24.  Spacing'  factor  ; square  root  of 
the  product,  acres  per  air 
well  times  acres  jier  oil  well. 

5.6 

4.7 

5.0 

5.36 

7.0 

a Actual  oil  production,  1929-1933. 
b Estimated  future  oil  production,  1934-1938. 
c Actual  oil  production,  192G-1929. 
d Estimated  future  oil  production,  1930-1955. 
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—Continued 


air  drive 

shotving 

uniaterrupicd  decline  curvi 

cs — Con 

eluded 

660 

1,550 

1,100 

1,800 

2,570 

1,500 

1,640 

2,175 

33 

44 

46 

49 

64 

7 5 

82 

100 

43.1 

250 

275 

220 

110 

11.0 

23.6 

15.6 

5.6 

15.3 

18 

42 

24 

40 

23 

41 

30 

20 

28 

7 

13 

SVa 

11 

8 Vs 

14 

10 

4 

972 

3.70 

4.66 

3.61 

3.70 

2.65 

2.48 

2.02 

2.51 

4.1 

e Actual  oil  production,  ] 926-1934. 
f Estimated  future  oil  production,  1935-1966. 

g Two  periods  of  decline  following  two  periods  of  drilling  on  same  lease. 
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FACTORS  AFFECTING  THE  RECOVERY  OF  OIL  BY  AIR  DRIVE 

Bypassing  of  air.  Since  the  permeability  of  the  sands  of  the 
Venango  group  is  extremely  variable,  as  noted  above,  it  is  almost 
impossible  to  prevent  most  of  the  air  from  passing  through  the  most 
permeable  beds  only.  The  air  removes  the  fluids  from  these  beds 
preferentially,  thereby  still  further  increasing  their  permeability  to 
air.  It  is  jirobable  that  channelling  by  the  air  takes  place  to  a certain 
extent  around  every  well.  An  exceedingly  permeable  sand  will  take 
laige  Cjuantities  of  air  at  low  pressure,  and  the  injected  air  jiasses 
almost  directly  to  a nearby  outiiut  well.  The  air  then  has  little  effect 
in  moving  the  oil  in  the  other  parts  of  the  sand.  It  is  obvious  that 
even  a small  amount  of  bypassing  may  result  in  highly  inefficient 
extraction  of  oil. 

The  most  convenient  way  to  determine  the  extent  of  bypassing  of 
air  is  to  take  open-flow  gauge  readings  of  the  air-gas  output  of  the 
producing  wells.  An  alternative  method  is  to  note  the  pressure  build- 
up with  time,  as  in  gauging  gas  wells.  These  measurements  are  often 
supplemented  by  approximate  analysis  of  the  gas,  either  for  B.t.u. 
content  or  by  noting  the  color  of  its  flame. 

Methods  of  controlling  ly passing  of  air.  The  use  of  multiple 
packers,  as  already  mentioned,  has  become  general  practice  in  the 
Venango  fields. 

If  an  oil  well  shows  serious  bypassing  of  air  owing  to  directional 
channelling,  it  is  common  practice  to  stop  pumping  for  a time  and 
allow  a liquid  head  to  build  up  in  the  well.  The  oil  or  water  tends 
to  enter  the  sand  and  plug  the  more  permeable  streaks,  and  bypassing 
of  air  often  is  stopped  temporarily.  Filling  the  well  Avith  fresh  or 
salt  water  and  allowing  it  to  stand  in  the  well  until  some  of  the  liquid 
has  penetrated  the  sands  also  has  proA^ed  effective.  Selective  plugging 
by  means  of  chemicals  has  been  suggested  but  never  attempted  in  the 
Venango  fields. 

It  has  been  found  that  injecting  air  intermittently  in  4-,  8-,  or  12- 
hour  cycles  tends  to  inhibit  bypassing.  This  probably  is  because  large 
fluctuations  of  pressure  occur  in  the  open  channels,  and  smaller 
fluctuations  in  the  tighter  parts  of  the  sand  AAdiere  there  is  also  more 
liquid.  When  the  pressure  drops  in  the  open  channels,  the  liquids, 
being  at  higher  pressure,  tend  to  migrate  from  the  tight  parts  of  the 
sand.  During  the  next  period  of  injection  the  liquids  are  forced 
along  the  open  channels  toAvard  the  producing  Avell.  The  presence 
of  the  liquids  in  the  open  channels  decreases  their  effective  permeabil- 
ity, and  the  air  is  forced  to  act  on  the  other  part  of  the  sand.  Where 
bypassing  is  seA^ere  very  short  injection  cycles  are  beneficial. 

Oil  content  of  sands.  It  is  obvious  that  the  more  oil  in  the  sand 
AAdien  repressnring  begins,  the  greater  will  be  the  recovery.  It  is 
certain  also  that  a considerable  quantity  of  oil  in  the  sand  cannot 
possibly  be  recovered  economically  by  air  drive.  Laboratory  Avork  on 
fully  oil-saturated,  cores  indicates  that  40  to  50  percent  of  the  oil  can- 
not be  removed  by  air.  When  the  cores  are  saturated  first  with  wafer 
and  then  AAuth  oil,  hoAvever,  the  oil  remaining  after  prolonged  air 
drives  may  be  as  Ioav  as  20  percent.  On  one  property  a pressure  well 
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from  which  air  bypassed  extensively  through  a permeable  bed  was 
abandoned  for  mechanical  reasons,  and  a new  well  drilled  forty  feet 
away.  It  was  found  that  the  oil  saturation  in  the  permeable  bed, 
through  which  large  quantities  of  air  must  have  passed,  was  12.5 
percent,  equivalent  to  124  barrels  of  oil  per  acre-foot.  Experience 
indicates  that  probably  very  little  oil  can  be  recovered  from  a sand 
with  an  oil  saturation  as  low  as  15  percent  (185  barrels  per  acre-foot 
at  16  percent  porosity). 

Spacing  and  pattern  of  wells.  Results  in  both  the  field  and  labora- 
tory indicate  that  the  longer  air  passes  through  a sand  the  more  oil 
will  be  1‘ecovered,  and  that  the  rate  of  production  decreases  with  time 
and  approaches  zero  asymptotically.  The  cumulative  production  of 
oil  from  a unit  volume  of  sand  is,  therefore,  some  function  of  the 
quantity  of  air  that  has  passed  through  it. 

It  is  obvious  that  different  volumes  of  air  pass  through  unit  volumes 
of  sand  in  different  parts  of  the  sand  body.  For  example,  in  a seven- 
spot  pattern  in  a homogeneous  sand,  all  the  air  injected  must  pass 
through  the  sand  and  come  out  at  the  producing  wells.  The  volume 
of  air  passing  through  a unit  cross  section  of  the  sand — which  we 
may  call  flux  density — is  greatest  at  the  walls  of  the  holes,  and  de- 
creases away  from  them.  Greater  volumes  of  air  come  out  at  the 
producing  wells  than  go  into  the  input  wells,  as  the  outlet  pressures 
are  much  lower  than  the  input  pressures.  If  the  pressure  at  the  input 
wells  is  300  pounds  per  square  inch  (gauge)  and  atmospheric  at  the 
producuig  well,  the  volume  of  air  emitted  will  be  21  times  the  volume 
injected.  There  are  twice  as  many  producing  wells  as  input  wells 
in  a seven-spot  pattern,  hence  the  flux  densities  in  the  neighboi’hood 
of  the  producing  wells  will  approach  ten  times  those  in  the  neighbor- 
hood of  the  input  wells. 

Between  the  input  and  output  wells  in  a seven-spot  pattern,  the 
air  spreads  out  until,  at  three-fourths  of  the  distance  from  input  to 
output  well,  it  covers  a path  0.86  of  the  well-to-well  distance  in  width. 
The  greatest  flow  of  air  takes  place  along  the  straight  line  connecting 
The  input  and  output  wells,  and  decreases  to  zero  at  the  points  midway 
between  the  producing  wells.  Areas  such  as  these  through  which 
little  or  no  air  passes  will  be  very  common  in  irregular  patterns,  and 
the  oil  may  actually  be  concentrated  in  them.  Pressure  wells  drilled 
recently  between  old  oil  Avells  on  a lease  which  had  been  subject  to 
air  drive  for  more  than  twenty  years  showed  abnormally  high  satura- 
tions which  were  unquestionably  due  to  secondary  enrichment. 

Problems  involving  the  flow  of  gases  through  porous  media  are 
more  complicated  than  the  flow  of  incompressible  fluids.  For  liquids, 
the  pressure  distribution  can  be  worked  out  by  electrolytic  conduc- 
tion models,  no  matter  how  irregular  the  pattern.  Theoretical  work 
.showing  the  distribution  of  the  flux  densities  for  gases  likewise  would 
be  instructive  and  permit  determining  the  relative  efficiencies  of 
various  patterns.  Efficiency  is  used  here  in  a sense  different  from 
that  used  in  connection  with  water  flooding.  The  pattern  that  gives 
the  most  uniform  distribution  of  flux  density  between  wells  is  con- 
sidered the  most  efficient. 
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Although  the  importance  of  efficient  patterns  needs  emphasis, 
irreg’ularities  in  the  sand  body  will  spoil  the  efficiency  of  any  regular 
pattern.  Some  of  the  sand  bodies  in  the  Venango  fields  consist  of  a 
series  of  long,  parallel  bars  or  thick  streaks,  1,000  to  2,000  feet  Avide. 
Between  the  bars  the  sand  is  much  thinner  and  apparently  less  porous 
and  permeable  than  in  the  thick  streaks.  ^YheneA"er  possible,  the 
location  of  such  impermeable  streaks  and  spots  should  be  given  full 
consideration  in  the  layout  of  Avell  patterns. 

Other  factors.  Air  has  an  oxidizing  effect  on  crude  oil,  forming 
compounds  that  make  it  more  difficult  to  recover.  Some  of  these  com- 
pounds are  insoluble  and  tend  to  clog  the  pores  of  the  sand ; others 
cause  .stable  oil-Avater  emulsions.  The  long-continued  passage  of  air 
through  oil  sands  remoA^es  many  of  the  lighter  hydrocarbons  and 
increases  the  specific  graAuty  and  Auseosity  of  the  oil.  The  use  of  air 
introduces  other  mechanicid  difficulties,  such  as  corrosion  of  equip- 
ment and  the  formation  of  explosAe  mixtures. 

Better  oil  recoveries  than  are  possible  Avith  air  as  the  injection 
medium  might  be  obtained  by  driving  Avith  a gas  that  is  soluble  in 
the  oil.  Gas  coming  out  of  solution  forms  bubbles  that  tend  to  clog 
the  pores  of  the  sand,  Avhich  otherAvise  Avould  transmit  gas  only.  On 
the  other  hand,  some  of  the  driving  effects  Avould  be  lost  as  the  result 
of  the  gas  going  into  solution. 

Although  it  might  be  difficult  to  shoAV  that  the  advantages  of 
natural  gas  as  a driving  medium  justify  its  purchase  at  a price  in 
excess  of  40  cents  per  thousand  cubic  feet,  the  gas  still  remaining  in 
the  sand  should  be  carefully  conserved  by  using  outside  sources  of 
poAver  and  by  collecting  Ampors  produced  Avith  the  oil  from  floAV  lines 
and  receiAung  tanks. 

Other  factors  that  have  an  important  effect  on  oil  recovery  by  air 
driAT  are  the  Auscosity  of  the  oil,  the  percent  of  pore  space  of  the  sand 
occupied  by  Avater,  and  the  permeability  of  the  sand.  It  is  believed, 
lioAveA^er,  that  the  effect  of  these  factors  on  the  reeoA^ery  of  oil  from 
the  leases  studied  Avas  less  than  the  effect  of  the  bypassing  of  air,  oil 
content,  and  Avell  spacing.  These  factors  are  more  susceptible  to 
laboratory  investigation  than  the  major  ones.  Insufficient  data  AATre 
aAvailable  to  attempt  to  evaluate  their  importance. 

Fundamentally,  it  is  the  energy  of  the  expanding  and  moving  air 
that  moves  oil  to  the  Avells,  and  energy  input  can  be  calculated  from 
the  A'olume  and  pressure  of  input  air.  IIoAvever,  bypassing  causes 
such  a Amriable  and  unknoAvn  Avaste  of  energy,  and  inefficiencies  of 
pattern  cause  such  a Amriable  distribution,  that  it  is  difficult  to  esti- 
mate the  ({uantity  of  energy  required  to  recover  a barrel  of  oil. 

EFFECT  OF  AVEFF  SPACING 

The  cumulative  recoveries  from  the  leases  studied  Avere  plotted 
against  a Avell  spacing  factor,  consisting  of  the  geometric  mean  of  the 
input  and  output  Avells  (.square  root  of  the  product,  acres  per  oil 
Avell  times  acres  per  air  Avell)  (Fig.  12).  The  points  scatter  rather 
badly,  as  Avould  be  expected  from  the  irregularities  of  the  pattern, 
the  effect  of  bypassing,  and  the  different  oil  content  and  characteristics 


WELL  SPACING 


61 


of  the  sand,  but  there  appears  to  be  a definite  relation.  It  seems 
reasonable  to  assume  that  as  the  ivell  spacing  is  decreased  to  very 
small  values  the  quantity  of  oil  recovered  ivill  tend  to  approach  as  a 
limit  the  total  recoverable  oil  in  the  sand,  or  about  140  barrels  per 
acre-foot,  since  the  average  total  oil  content  of  the  leases  shoivn  is 
290  barrels  per  acre-foot,  of  which  290  minus  150,  or  140,  are  recover- 
able. At  the  other  end  of  the  curve,  as  the  well  spacing  is  increased 
so  that  there  are  many  acres  per  well,  the  recovery  per  acre  will 
diminish  and  gradually  approach  zero.  A curve  with  the  formula 
y=ae-bxp  has  these  properties,  and  is  drawn  in  figure  9 as  a solid 
line,  (y  = cnmulative  ultimate  recovery  in  barrels  per  acre-foot, 
a = total  recoverable  oil,  x = well  spacing  in  acres  per  well,  e = base 
of  Napierian  logarithms,  h and  p = constants  depending  on  local 
conditions.) 


Figure  12.  Cumulative  ultimate  oil  recovery  of  12  leases 
plotted  against  well  spacing 

The  leases  used  in  plotting  this  curve  have,  however,  different  total 
oil  contents,  and  the  leases  with  the  higher  ultimate  recoveries  have 
the  higher  oil  content,  so  that  it  would  be  more  correct  to  relate  the 
spacing  to  the  fraction  of  total  recoverable  oil  which  will  be  recovered, 
instead  of  to  the  actual  oil  recovered.  This  is  done  in  Figure  13, 
and  the  type  of  equation  is  the  same.  Values  were  assigned  to  the 
constants  by  the  method  of  least  squares,  so  that  the  curve  fits  as 
closely  as  possible  the  actual  spacings  and  recoveries  of  the  twelve 
leases  on  which  data  are  available.  The  formula  becomes 

7?=e-o.29ri-o® 

where  R = fraction  of  total  recoverable  oil  recovered  at  spacing  F. 
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Additional  recovery  data  are  necessary  before  this  equation  can 
prove  its  general  applicability.  However,  it  will  serve  as  a rough 
guide  to  determine  the  most  economic  spacing  to  use  in  laying  out 
an  air-drive  program  in  the  Venango  district. 


Figure  13.  Oil  recovery  of  12  leases  expressed  as  percent  of  total 
recoverable  oil,  plotted  against  well  spacing 


OPTIUTM  SP.VCING 

* 

An  operator  intending  to  install  air  or  gas  drive  on  an  old  prop- 
erty is  confronted  with  the  problem  of  how  many  new  wells  should 
bs  drilled  to  make  the  greatest  profit.  As  shown  in  the  preceding 
section,  the  more  wells  he  drills  the  more  oil  he  will  recover,  but  the 
greater  the  number  of  new  wells  the  greater  Avill  be  the  development 
cost,  and  drilling  too  many  wells  will  obviously  result  in  decreasing 
his  net  profit.  The  determination  of  the  most  profitable  or  optimum 
spacing  is  exceedingly  complex  and  difficult,  and  has  probably  never 
been  accurately  established  for  any  oil  producing  district.  However, 
if  the  equation  on  the  preceding  page  is  valid,  one  method  of  cal- 
culating the  optimum  spacing  may  be  suggested. 

Various  considerations  affect  the  profit  or  net  return  on  an  oil 
property.  The  principal  ones  are : price  per  barrel  received  for  the 
oil,  lifting  cost  per  barrel,  and  development  cost  per  acre.  If  these 
values  are  taken  into  account,  the  net  return  per  barrel  may  be  ex- 
pressed as  follows : 

The  money  received  per  acre  from  the  sale  of  oil  will  be  the  total 
quantity  of  oil  recovered  multiplied  by  the  price  per  barrel.  If  we 
assume  that  the  oil  in  excess  of  150  barrels  per  acre-foot  is  recover- 
able, that  the  sand  has  a thickness  of  T feet,  and  that  the  recovery 
factor  for  the  spacing  we  shall  use  is  R,  then  the  total  quantity  re- 
covered will  be  TR(C-150)  barrels.  This  multiplied  by  the  price 
per  barrel  will  be  the  gross  income.  The  operating  cost  will  be  the 
same  number  of  barrels  multiplied  by  the  operating  cost  per  barrel. 
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The  development  cost  per  acre  will  be  the  development  cost  per  well 
divided  by  the  number  of  acres  per  well.  This  may  be  expressed  by 


an  equation : 

Profit  = P = KTR  (C-150 

P = net  return  f)er  acre 
K — price  of  oil  per  barrel 
T = thickness  of  sand 
E = recovery  factor  : — fraction  of 
total  recoverable  oil  recov- 
ered at  geometric  mean  spac- 
ing factor  F 


— LTR  (C-150) ^ 

L lifting  cost  per  barrel 

C = oil  content  of  sand  in  barrels 
per  acre-foot 

J = development  cost  per  well 
N = number  of  new"  wells  drilled 
A =:  acres  in  lease 


The  equation  may  be  simplified  to  read 

P = TR (C-150)  (K-L)  — ^ 

The  value  R is  determined  by  the  equation 

R = e--29F 

where  F is  the  geometric  mean  spacing  factor,  square  root  of  the  prod- 
uct, acres  per  oil  well  times  acres  per  air  well. 

Each  operator  may  assign  values  to  the  above  symbols  to  fit  con- 
ditions on  his  lease,  and  calculate  the  number  of  wells  which  will  give 
the  greatest  profit. 

Calculations  of  exami^les  typical  of  the  Venango  district  were  given 
by  the  authors  at  the  Eastern  District  meeting  of  the  American 
Petroleum  Institute,  April  17,  1941,  but  could  not  be  included  in  this 
report. 
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TABLE  6 


Records  oj 


1 

MAP 

'ttctmbir 

O'WNER 

DATE 

DRILLED 

SLEV. 

CORRV 

SAND 

FIRST 

S^ND 

RS) 

VALLET 

5AND 

SECOND 

SAND 

THIRD 

STRAY 

3. AND 

THIRD 

SAND 

3 

Early  well 

* - 

ca  l8a0 

4 

Gray  well 

— — 

ca  1900 

5 

Post  well 

D 

Paul  well 

'W.G.Roeder 

1936 

1&44 

175-210 

419-485 

670-672 

718-72 

14 

Morris  well 

(Reported  drilled  to  the 

iueen  San 

d.  No 

record  av 

li  loble )_ 

50 

Foster  ^11 

Bayllse  ,B1os8  ’.'ege 

1923 

1^09 

738-756 

763-77 

51 

CWI 

Petroleum  Reclamation  Co, 

1939 

1P05 

4&0-492 

b77-b82 

70b-71 

52A 

Reported  drilled  to 

Queen  Send.  No  record  available. 

ii 

Marsh 

SunmertoD  & Sutton 

1930 

1690 

No  Record. 

58 

Knupo  §2 

Dunham  Oil  Co, 

1595 

44  fa-509 

686-705 

717-72 

59 

Queen  Eand  well 

George  Hummer 

(Reporte 

d drllle 

d to  Quee 

n Sand. 

No  recor 

d evallab 

le) 

132 

Philadelphia  #83 

J.P, Eaton  Corporation 

1604 

675-710 

133 

Lof(;ren  ^2 

7.Lofgren 

1922 

1680 

694-681 

695-71 

Gregory 

(Reported  drilled  to  Queen  Sand. 

'Jo  record  available) 

2^^ 

Dodd  *{  Ofikes  ^8 

Peterson  k.  Johnson 

1423 

270-355 

1 

0 

450-465 

556-59^ 

2b9 

Shank  #3® 

dinger  Oil  k Gas  Co. 

1343 

244-300 

406-422 

511-543 

<270 

Proper 

Leyendecker 

1937  (Record  Incomplete 

and  from 

memory  ^ 

271 

Wl Ison 



192b 

1589 

609-614 

272 

D.N.  Burrows 

W15 

(r.'.ap  location  Is 

approximate ) 

274 

Watson  deep  well 

Jonathan  i^.’atson 

ce  1870 

1290  T 

^C  (See 

'aril’s  I 

;i  pare 

154) 

275 

Selkirk  well 

Norton  k.  Jackson 

1929 

1240 

184-250 

465-495 

27b 

Boughton  well 

— 

(Reported  to 

be  deeper 

than  1000’ . T’o 

record  available] 

277 

westcott  well 

(Location  approximate. 

Reported  drilled  to  IGlO*,) 

278 

Shamburg  well 



ca  noo 

(Reported  drilled  to  200 

1 

281 

Shamburg  §2 

Ashworth  k McCray 

ca  1893 

1564 

(^82-744 

799-825 

906-907 

ZuTer  # 37 

R.M,  Davidson  Estate 

1 

6'’4-692  726-746 

828-838 

865-8; 

28b 

Hunter  #4- 

Pohlckory  Petroleum  Co. 

1722 

415-438 

744-763  7B9-R16 

890-906 

S?8-9' 

2&7 

Vanderlin 



ca  iBob 

(Locat 

Ion  uncertain) 

845-64' 

883-8' 

Field 

Red  Valley  Oil  Co. 

1070 

1479 

' 

804- 

i32 

Ollaon  Farm 

Warner-Caldvell 

ca  1020 

^31 

485-500 

917-9' 

^jWells  Dfieper  Than  Third  Sand 
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j R£D  HOCK 

FIRTT 

3'j:d 

— 

-■“.ECCVD 

'.VA^^EN 

SAI'O 

OUEZi: 

s;j:d 

4;p=;c;o-ilsv 

SAND 

OTllKR 

OAJ'CG 

TOTAL 

DiVTH 

RKo'JLTG 

a* 

j 

^720-1140 

1140-1175 

1100-1260 

Q50- 

1100-1140 

1300 

'how  of 

Dry 

t 

1214-1241 

1445-1483 

1772  (sheila 

Dry 

ra 

1800 

1000 

Show  of  oil 

Dry  below  third  sand 

^ 940-1200 

1200- 

1339-1434 

1600-1640 

1660-1670 

1725 

1475 

Show  of  gaa  at  about  I4OO* 

Dry 

i 740.^10 

1075-1100 

1125-1163 

1200-1375 

1463-1485 

690-740 

1811 

650-1000 

ioob-1027 

1076-1127 

1175-1299 

1469-1529 

1735-1770 

1302 

1784 

1400 

3553 



Dry 

1019-1056 

i130-ii!^5 

1306-1391 

556-564 

2303 

1 

1450-14?0 

1750-1790 

2013 

«j  7«K-uBfe 

901- 

1334-1374 

1403-1435 

1265-1280 

1446-1473 

1503-1539 

1345-1380 

1557-1658 

1622-1715 

1470-1560 

1866- 1B92 
1818-1848 
1665-1675 
? -1440 

2240-2270 

1720 

1954 

2m 

1825 

1440 

Show  of  oil  and  gas  1597-1G08 

Show  of  oil  1503-1539 

Dry 

Dry 

u! 
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INDEX 


A 

Abandoned  wells,  8 
Accumulation  of  oil  and  gas,  15 
Air  and  gas  drive,  44-62 
compressor  plants,  45 
effect  of  well  spacing,  45,  49, 
60-62 

efficiency  of,  59 
factors  affecting,  58-62 
in  Black-oil  ])ool,  31 
in  Goodwill  Hill  pool,  29 
in  Petroleum  Center  ])ool,  39 
in  Bed  Valley  sand,  27 
in  Shamburg  pool,  38 
methods,  45 
patterns,  54,  49,  59 
j)ressures,  45 
profits  from,  23,  62 
recovery  of  oil  by,  45-56,  58 
well  spacings,  45,  49,  60-62 
d’Allion,  J.  de  la  E.,  40 
Amber  sand,  26 
Amitj'  shale,  11 
Allegheny  plateau,  3 
Allegheny  Kiver,  3 
Asbury  Chapel  First  sand  near,  25 
Third  Stray  sand  near,  31 
Ashburner,  C.  A.,  8 
Atkinson  farm,  38 
Atlas  well,  29,  69 

B 

Barnsdall,  IVin.,  41 
Bars  of  sand,  13 
Belts  of  sand,  13 
Berea  formation,  5 
Bimber  Kun  conglomerate,  10 
Bissell,  G.  H.,  41 
Black  Oil  ])ool,  31 
Black-oil  sand,  see  Third  Stray 
sand 

Bonta  House,  33 
Booth,  J.  C.,  40 
Bossier,  E.  B.,  2 
Boughton,  4 

T,’hi}'d  sand  near,  36 
Boulder  sand,  11 
Bradford  oil,  field,  2,  ,f). 

water  flooding  at,  44  ■ 

Breakdown  pressure,  45  "i. 

Breedtown  pool,  30  ' ■i.'i  ! 

Brewer,  Francis,  41  ■ 

Brewer,  Watson,  and  Co.,  41 
Brundred  Oil  Corp.,  45 
Buchanan  farm,  41 
Butts,  Chas.,  5 
Bypassing,  58 


C 

Canadawaj’  group,  13 
Capillarv  phenomena  in  oil  sands, 
16,  31,‘  44 
Carev,  Xathan,  40 
Carll,  J.  F.,  8,  10,  24,  33,  34,  35,  40 
Carsonville,  Eed  Valley  sand  near, 
26 

Cashup  oil  ])ool.  First  sand  in,  25 
Third  Stray  sand  in,  33 
Casing,  42,  43 
Casing-head  gasoline,  44 
Caster,  K.  E.,  5,  6,  7,  10 
Cathcart,  S.  H.,  4 
Cattaraugus  rfoniation,  7,  28 
Cementation  of  oil  sands,  16 
Center  School,  Third  Stray  sand 
near,  30 

Chadwick,  G.  H.,  10,  11 
Channelling,  see  Bypassing 
(ffremung  grou}),  13 
Chenev  cemetery.  Third  sand  near, 
38 

Cherrytree,  Third  sand  near,  37 
Cherrytree  Township,  First  sand  in, 
26 

Church  Eun  pool.  First  sand  in,  26 
'Phird  Stray  sand  in,  30 
Third  sand  in,  34-35 
Clarendon  sand,  14 
Coal,  5 

Coal  oil,  40,  41 
Colorado  oil  pool,  29 
Columbia  farm.  Second  sand  at,  27 
Third  Stray  sand  at,  34 
Third  sand  at,  38,  39 
Com])osition  of  oil  sands,  17 
Com])ressor  plants,  45 
Conductor  pipe,  42,  43 
Cone,  Andrew,  40 

Connate  water,  see  Water,  connate 
Conneaut  group,  13 
Connoquenessing  sandstone,  4 
Core  analyses,  20-22 
Corrosion  of  ec[uipment,  60 
Corry  sandstone,  5,  15 
Culture,  1 

Cumulative  ultimate  oil  recovery, 
49 

Cussewago  forTuation,  5 
Cutler  School,  First  sand  at,  24 
Third  Stray  sand  at,  30 
Cuyahoga  group,  5 

D 

Deep  wells,  13,  14 
Dennis  Eun,  6 

Devonian  system,  6-14,  24-38 
Domes,  15,  35 
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INDEX 


Dotyville  pool,  Tliird  Sti-ay  sand  in, 
30,  34 

Third  sand  in,  35 
Drainage,  3 
Drake,  E.  L.,  41 
Drake  well,  24,  36,  41 
Drilling,  42-43 
Drive  pipe,  42-43 
Dunn,  I.  L.,  45 

E 

Economically  recoverable  oil,  23 
Edgewater,  16 

Electric  logs,  6,.  8,  Section  I 
Elevations  of  wells,  2,  66-81 
Emlenton,  27 
Empire  well,  39 

Enterprise,  Third  sand  near,  37,  38 
Eureka  well,  35 
Eveleth,  ,J.  'g.,  41 
Explorers,  early  French,  40 

F 

Fagundus  anticline,  15 
Fagundus  oil  pool,  32 
Faulting,  15 
Ferris,  A.  C.,  40 
Fettke,  C.  E.,  3,  16 
Fieldmore  Springs,  Third  sand 
near,  36 

First  sand  formation,  9 
correlation  of,  8 
oil  in,  23-26 

First  Warren  sand,  7,  14 
Flooding,  see  Water  flooding 
Fourth  sand  (Third  sand),  28,  34, 
38 

Franklin,  1 

Franklin  quadrangle,  44 
Frazer  well,  32 

G 

Garland,  oil  pits  near,  40 
Gas  drive,  see  Air  and  gas  drive 
Gas,  advantages  of  as  driving  me- 
dium, 60 
Gas,  43 

near  Cutler  School,  24 
near  Fieldmore  Springs,  36 
near  Mt.  Hope  School,  38 
near  Pleasantville,  37 
segregation  of,  16 
Gasolene,  44 
Giddens,  Paul  H.,  40 
Glacial  deposits,  oil  in,  24 
Glaciation,  3 
Goodwill  Hill,  9,  16 

First  sand  at,  10,  25 
Third  Stray  sand  at,  28-30 
Third  (Fourth)  sand  at,  38 
Grain  size  of  oil  sands,  16 
Grand  Valley,  24-25 
First  sand  at,  25 
Third  Stray  sand  at,  28-30 
Third  (Fourth)  sand  at,  38 


Gravel  banks,  4 
Gravity  of  oil,  28,  31 
Gray  (Third  Stray)  sand,  34 
Gypsum,  43 

H 

Hamilton  Corners,  First  sand  at, 
10,  16 

air  drive  at,  45,  48 
Harmonial  well,  33,  73 
Heavy  minerals  in  oil  sands,  17-19 
Henderson  School  and  Church 
Third  Stray  sand  near,  30 
Hershelman,  Wm.  L.,  16 
Hilliards  quadrangle,  1,  2,  11 
History  of  oil  industry,  40 
Hogg,  C.  C.,  2 
Holmden  farm,  33 
Homestead  well,  32 
Hoosier  well,  73 
Hosmer  Pun,  40 

Hummer  School,  Third  Stray  sand 
at,  30 

Hydetown,  abandoned  wells  at,  35 
Hyner  farm,  33 

I 

Igneous  rock  fragments,  17 
Indians,  40 

Intermittent  air  injection,  58 
Intervals  between  oil  sands,  7 
Irregularities  in  sand  bodies,  60 

J 

Jerusalem  Corners,  First  sand 
near,  25 

Johns,  Walter  E.,  40 
K 

Kaneville,  Third  sand  near,  39 
Kerosene,  40,  41 

Kerr  School,  Third  sand  near,  35 
Kier,  Samuel,  40 
Knapp  formation,  6 

L 

Lithology  of  oil  sands,  9-13,  24-38 
LjTle  (Eed  Valley)  sand,  27 

M 

Haps,  sand  thickness,  8,  Plates  II 
to  VII 

Marvin  Creek  limestone,  6 
Matteson,  L.  S.,  3 
McClintock  farm,  41 
McClintockville,  36,  41  ' 

Meade,  Boone,  41 
Meadville  formation,  5 
Methods  of  survey,  2 
Miller  farm,  waterfall  near,  4 
fault  near,  15 
Tliird  sand  at,  37 
Mineralogy  of  oil  sands,  17-19 
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Mississippian  system,  5,  0 
Mitchell,  Mark  B.,  44 
Moraines,  3 
Morey  farm,  33 

Mount  Hope  School,  Third  sand  at, 
38 

N 

Natural  gas,  see  Gas 
Natural  gasoline,  42,  44 
Neilltown,  First  sand,  near,  25 
Red  Valley  sand  near,  26 
Third  Stray  sand  near,  32 
Newton  gas  well,  35,  66 
New  Haven,  Conn.,  41 
Noble  well,  39 

O 

Oakland  Church,  First  sand  near, 
26 

Third  Stray  sand  near,  34 
Octave  pool.  Third  sand  in,  36 
Oil,  accumulation  of,  15 

production  of,  see  Oil  produc- 
tion 

recoverable,  21,  23 
reserves  of,  21-23 
ultimate  recovery  of.  49 
Oil  City  quadrangle,  1 
Oil  cmnpanies,  2 

Oil  content  of  sands,  19,  20,  45-56, 
58,  61 

Oil  Creek,  3,  4 

oil  pools  near,  38-39 
Oil  pits,  Indian,  40 
Oil  production,  by  air  drive,  45-56 
initial,  43 
natural,  43,  45 
time  of  reeovery,  45 
Oil  sands,  7 

composition  of,  17 
intervals  between,  7 
oil  content  of,  19,  58,  61 
origin  of,  13 

permeability  of,  19,  45.  58,  60 
petrography  of,  16 
porosity  of,  19 
structure  of,  14 
texture  of,  16 
water  content  of.  21.  60 
water  in,  see  Water 
Oil  sands,  Venango,  7 
First  sand,  9,  24-26 
Red  Valley  sand,  10,  26 
Second  sand,  10,  27 
Third  Stray  sand,  11,  28-34 
Third  sand,  11,  34-38 
Oil  well  records,  2,  6.  66-81 
Olean  conglomerate,  4 
Optimum  spacing,  62 
Orangeville  formation,  5 
Origin  of  Venango  oil  sands,  13 
Oswayo  formation,  7 
Oxidation  of  oil,  60 


P 

Packers  seedbag,  42 
multiple,  45 

Panama  conglomerate,  8 
Paraffin,  43 
Patents,  air  drive,  45 
Pattern  drilling,  45,  49,  59 
Pebbles,  16 

Pennsylvania  Rock  Oil  Com])any, 
41 

Pennsylvanian  system,  4 
Permeability  of  oil  sands,  19.  45, 

58,  60 

Petrog-raphy  of  oil  sands,  16 
Petroleum  Center,  Third  sand  at, 
38 

Petrolia,  40 

Pineville,  Red  Valley  sand  near,  26 
Pioneer,  Second  sand  at,  27 
Third  Stray  sand  at,  34 
Third  sand'  at,  38-39 
Pithnle,  33 

First  sand  near,  26 
Red  Valley  sand  near,  27 
Third  Stray  sand  at,  32,  33 
Pithole  i)Ool,  32,  33 
Pits,  dug  for  oil,  40 
Pleasantville,  1 

First  sand  near,  10,  25 
Red  Valley  sand  near,  26,  27 
Second  sand  near,  27 
Third  Stray  sand  near,  31 
Third  sand  near,  37 
Plugging  of  oil  sands,  selective,  58 
Pope  Hollow  conglomerate,  10 
Porosity  of  oil  sands,  19 
Pottsville  series,  4,  5 
Prather  School,  First  sand  near, 
10,  26 

Presque  Isle  peninsula,  12 
Price  of  oil,  23,  32,  62 
Pressures  in  air  drive.  28,  45 
Pressure  wells,  45 
Production  of  oil,  see  Oil  produc- 
tion 

Production-decline  curves,  45-51 
Pumping,  42,  43 

Q 

Quartz  veins,  16 
Quartzite,  16 
Queen  sand,  14 
Quinn  sand,  26 

R 

Recovery  of  oil,  21,  45-56 
Red  Valley  sand,  10,  23 
oil  pools  in,  26-27 
Red  Rock,  13 

Redfield  School,  Third  sand  near, 
36 

Relief,  3 

Repressuring,  see  Air  and  gas  drive 
Riceville  shale,  6 
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Roberts,  E.  A.,  43 
Rockland  Station,  27 
Rome  Townsliip,  First  sand  in,  26 
Rosenberry  (Red  Valley)  sand,  27 
Rouseville,  41 
Ruffner  Brothers,  42 
Russell  Corners,  First  sand  near, 
26 

S 

Saegerstown  shale, ’10 
Salamanea  sandstone,  8 
Salt  sand  (Second  sand),  27-28 
Salt  water,  see  Water 
Salt  wells,  42 
Sands,  see  Oil  sands 
Secojul  sand,  correlation  of,  7,  8 
general  discussion  of,  10,  11 
oil  in,  23 
oil  pools  in,  27-28 
Third  Stray  sand  called,  34 
Red  Valley  sand  called,  28 
Second  Warren  sand,  14 
Secondary  enrichment  of  oil  sands, 
59 

Secondary  recovery  of  oil,  see  Air 
and  gas  drive.  Water  flooding, 
^’acuum 

Secondary  silica,  16 
Seedbag  j^ackers,  42 
Selkirk,  First  sand  near,  25 
Third  Stray  sand  near,  30 
Third  sand  near,  38 
Seneca  Indians,  40 
Seneca  oil,  40 
Seneca  Oil  Company,  41 
Seven-si:)ot  pattern,  45,  49,  59 
Shamburg,  First  sand  near,  26 
Second  sand  near,  27 
Third  Stray  sand  near,  34 
Third  sand  near,  37,  38 
Shamburg  well,  38 
Sharpsville  formation,  5 
Shenango  group,  5 
Sherrill,  R,  E.,  3 
Shira  sand,  11 
Shooting  of  wells,  43 
Shore  lines,  oil  sands  laid  down 
near  ancient,  13 
Silliman,  Benjamin,  41 
Slush  oil,  9 
Smith,  Wm.  A.,  41 
Spacing-  of  wells,  45,  60-62 
S])eechley  sand,  14 
Starr,  Tliird  sand  at,  38 
Stone,  R,  W.,  3 
Story  farm,  see  Columbia  farm 
Stratigraphy,  4-14 

governing  localization  of  oil,  15 
Stray  sand.  Third  Stray  sand 
called,  34 

Structure,  local,  regional,  14 
effect  on  oil,  16 
surface,  4 


Subsurface  rocks,  6-14 
Sucker  rods,  42,  43 
Suction,  see  Vacuum 
Surface  rocks,  4,  5 
Surface  relief,  3 

T 

Tarentum  salt  wells  at,  41 
I'hird  sand,  correlation  of,  7,  8 
general  description  of,  11 
oil  in,  23 
oil  pools  in,  28-34 
Third  Stray  sand  called,  34 
Third  Stray  sand,  correlation  of, 
7,  8 

general  descrixjtion  of,  11 
oil  in,  23 

oil  pools  in,  28-34 
Tionesta,  fault  near,  15 
Time  to  recover  oil,  45 
Tidioute,  oil  at,  36,  41 
Tidioute  quadrangle,  2,  7,  27-29,  32, 
34 

Titusville,  city  of,  1,  4,  34 
Toonerville,  Third  sand  near,  37 
Topography,  1,  3 
Torpedo,  oil-well,  43 
Townsend,  .1.  M.,  41 
Trends  of  oil  sands,  9,  10,  11,  28 
Triump)h  oil  pool,  12,  29 
Tubing,  oil-well,  .42 
Types  of  oil  sands,  13 
Tyrrel  Farm  School,  Third  Stray 
sand  at,  32 

U 

United  States  well,  32,  33 
V 

^'acuum,  38,  42,  44,  48 
Venango  oil  district,  1 
Venango  oil  sands,  see  Oil  sands, 
^"enango 

Viscosity  of  oil,  60 

Volumes  of  air  injected,  45,  59 

W 

Warren  sands,  3 4 
Washington  School,  First  sand 
near,  25 

Water,  connate,  16,  21 
in  Dofyville  pool,  36 
in  Black  Oil  sand,  31 
in  Second  sand,  15 
Wafer,  content  of  oil  sands,  21 
effect  of  on  oil  sand,  21 
methods  of  shutting  off,  42 
IVaterfalls,  4 
IVater  flooding,  44 
Water  flnoding.  accidental,  44 
at  riiurch  Run,  35 
at  Petroleum  Center,  39 
at  I'lthole,  33 
at  I’leasantville,  32 
at  Shamburg,  37 
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Water  (continued) 
at  Toonerville,  37 
artificial,  44 
Watson  deep  well,  14 
Watson  Flats,  4 

oil  in  glacial  deposits,  24 
Third  sand  at,  3(5 
Well  records,  2,  (5,  66-81 
Well  records  of  deep  wells,  13, 
80-81 

Well  spacing,  45,  60-62 


West  IMthole  Creek,  Third  sand 
near,  37 

White,  1.  C.,  5,  7,  8 

Whiteoak  School,  Third  Stray  sand 
at,  30 

Woodcock  sandstone,  8 
Z 

Zeisberg-er,  David,  40 

Zerrer  School,  Third  Stray  sand 
near,  30 

Third  sand  near,  36 
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SECTION  I 

COLUMNAR  SECTIONS  IN  TITUSVILLE  QUADRANGLE 
BASED  ON  ELECTRIC  LOGS,  DRILL  CUTTINGS,  AND  CORES 
VERTICAL  SCALE,  1-INCH  = 100  FEET 
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